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frotn  this  figure  that  ill Illost cziscs tllc  IJ’-t}:illd  clllissiol)  is coIlfillcd to tllc IIuclcar  rcgioIis

ivith,  at Inc)st,  a sIIlall colltrit)ut  ioIl fmIIl  tile uI~dcrlyillg galaxy. ‘1’ltis  ]Joillt  }vill discussed ill

II IOIW detail  irl Scctioll  3.2.

3.1. I’lle near-l]{ colors of the central  ant] circulll  Iluclcar  r e g i o n s

III additioIl  t o  tllc  coloIs  II Icasud  Jvitll  a givtll al Igulzir  sizt’  (’1’al)lc’ 2), lvt’ IIai’e

coIIl])utcd  II C: II-11{  CO1OIS  fluIIl I(giolls  Jvitll  a give Il litlcal  si7(  (’1’al)lt~ 3 ) .  ‘1’lIt  IllillilIlulIl

])lc)jccted  zil)clt~llc diarllctcl  i s  (I(t(’ltilitl((l  I)y tllc s]):(ti:il  1(’sc)l~ltic)ll  of tlIc iIll:ip,f5  and

tllc  galzixy dista[lccs, aII(l ~v(’ clIos(*  t~vo al)c II IIIcs Jvitll  }jrc)jcctcd di:~lllf’tt.’[s  c)f ().5 alI(l

1  lij)c. ‘1’I)CW t\vo 2i])cI’tul’(’s ;il’(’ coIII]):i ItIl)l(’ to tlic size of’ tll(’ l:iIge-scale toIus  ])loj)osc(l l))’

h]aio]i  Ilo & l{i(]it> (]99.5). \\Tc lIat’c alsu colIll)utcd  t]l(’ co]oIs o f  t]lc :illlltlli  ~vit]l  illllcl’  radii
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0.5kpcaIld  ouh radii lkpc. ‘1’al~lc 3  lists  tlIealigular  diaIILctcrs (ill alcsccolIds) aIIcl (0101s”

Cmrrcspc)]ldillg  to tlIc  li]]ear  sizes 0.5k~Jc  arid 1 lil)c ill tlIc first  aIId sccoIId ro~vs l($sl)((tii(lj.

aIId t}lc colors  corres]~oIldiI]g to tlic  0. .5 -  1 k])c al II IIllus iIl tlIe third Io\v.  ‘1’}Ic listc(l (’II~jIS

iIiclude  LIIlccItai  Iltics due to both tlIc ]JllotoIIletric  calil.)rat ioIl aIId tllc cl(’tclllliIlatic)ll  of  lIIL>

sky l e v e l .  ]Iccause of tlic  la Ig)C distztllcc  of hlIk 46:3}’; -{ JV, lvc lvcrc IIOt aljlc  to c)l)t:iirl  its

coloIs  iIL 0..5 atlcl  1 k])c dialllctcl  a])elturcs;  ill t,lie case  of N(;(~ 5252, lye list oIIly tllc  1 k])[

and tllc  1 – 2 lipc aIIIlulus  CO1O I S. 11’oI ~(;(; 4388 \vc COIIl])lltC t]lc 3“ - (i” aIIIINla I’ Colol’s to

]Ilatcll  tile  s i z e  of t}ic 1,’-}.) zLIIcI Clllissioll;  f o r  l,lI(J assurllcd  distal]cc  d = ] 7.1 \]pc,  t}lcsc  CC)IOIS

Cc)rrcspond  to all aIlllllllls  0.2.5 - 0.5 Iipc.

l’ligLll’c!  2a and ~], S]l  OIV  CO] OI-COIC)I. diaglallls, IIalllcly  .1 -  If \’el’s(ls  }1 -  A- attd

}] - -  ]{ VCrsLls li’ - ],’. II I  C:ICII  diag,latll,  t]I(  cilcLl}z~l/c)i:[]  legion  to t]I( ]cft It])Its(IIts  tlit

CC)]OI’S Of hLllgC’s of II OIIIIal s])iral ,g,alaxies, Jvllicll  II Iat Cl I tllc  coloIs  of a late-t~’])c stcll:ll

])ol)ulatiol} (J\rillllcr  et a l . 19S4), tvllcIcas  tlic  circLllar/oiral  rcg,ioIi t o  tilt right  IC])I(ISCIItS

tile ty~~ical  colors  of  quasa Is COIICC(C(l to  ztsIx) rt~clsliift  (ll~.la IId .(’ AllfII  19S2; Nc.LI~,clJ;IIIt>I

ct a l .  1979). \ \ r c  lIaI”c aSSLIIIId a color tl:\llsfol[ll;itioIl  1, - 1/’ = 0.15 (\\’ald et al. 19s:))

JV]ICII USi Il~ ])]1 OtoIIldl’J”  fl’()[11  ])l’C’Vi OUS \YO1’k. ‘~ll IC eflkcts  of  tlvo IIla~,[lit[l(les  of ~’isual

cxtillctioll  (I{ickc  .(’ 1,(’ljofsl<j  I!)S,5)  :[1~* r(~])l(s(lltc(l  1)~. tll( [II IOLV iIl tlI~* u1)])cI lc~f[ COIII(I .

‘l)l IC sol id  lillcs al( tt)c ‘“lllixillg  cLIIics” l(~l)l(w’lltillg tll(~ CO1OIS of tllc  SUIII of a late-t~’l)t,

stcllat’ J) Opu]atio Il aIld cit]]c  I a l)la Clil)Od~  ColllljolIclIt  (])lcs~lllld  to I]c l(,])It~sflit:iti\’c of Il(jt

dlIst) lvitll tcIll]~cratuIes  7’ u 6 0 01  SO(), 1000 :IIId 12001i (illclicatd IICXL to tlic  cLIIics) 01

IIcbLI]ar clnissioll (oIIly ill t]le ~ -  ]/ I’CIXLIS  // -  lir diagtalt~). ‘1’11(’])UI’C  11( ’l) Lll:iI’ coIll])oll(’llt

I’c])l’csellts  t,l Ie colors  ])mdllc(>(l  l)J’ lIy(lIogtJII  aIId IIcli(llll  colltillu[llll  aIId  lilic  clllissioll  (s(t)

k\loIlsc)- lIel’I’el’c)  et al. I!){)6:I  fol dct:~ils). ‘1’11(  IIIIIIII)(Is  ill(licatc  tllc  I:ltio  o f  tlIc (lust

lulllillosity  to tllc  ste]lal l~llili[losit~  a t  Ij”, /CI,,.l/lJSL,II  (Ivitll l o c i  SlICJLVI,  I)J cl;,slicd lillfs)

or tlic  ratio c)f tile  lIcl)LIla  I IIllllitiosity  t o  tll(’ stella I ]ull]iliosity. ()])CII alI(l  filled cilcl(s

re]~Icscllt tile  0 .5  kl)c aII(l 1.0 li])c-a])cItu  I(J colors rcsl)(’ctil’cl~’,  joilld  for (.~ac]t galas~’, \\llil(
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tlie star-like symt~ols are LIIC COIOIS of tlic all]iuli.

k’igures 2a and 21) col IfirIll  tllc  co]iclusiol] tflat tl}c IIeal-11{  colors of tlic  cc]ltral lc$,it)ll~

of Scyfd 1.5 –- 2 galaxies  ]nay  Ix cxplai  Ilcd by a coIIll)i[latioIl  of eI[)issioIls fro]l)  all c\’ol\tYl

s t e l l a r  ~)opulatioll  and not dllst, ]jossit)ly Jvitli Solnc extillctioIi Cffccts. ]t is C]Cal’ fl’0111  1)[)[ II

diagraIIls  t]lat t]Ic fr:~ctioll  of  c’lllission flwlIl t]ic ]Iot d u s t  coIIl])ollcIlt illrrcases  for sIIIal](I

a]) C’I’t LIIW, and IIIUSt  t]l(’1’C’fOIT  k COIICCIlt  I’at C’d II C:i I’ t]l C’ II UC]CUS. ‘III(’ Ccrltral J -  }/ all(l

11 – A’ c o l o r s  caIl }jc fully  accoIIIItd  for })ye[llissio]l  froIl) aII evolved  stellar ])o])lllatioll ill

oIlly two galaxies  - ATGC; 30S1 and h’(;(~  3393. 11’or tlicrcst of tllc  galaxies, t)Ie l,d,,.~/[.,,,.11

ratios iIl t h e  0.5kpc  a]wrturc are }.wt}vecIl  m 0,5 aIId H 3 . ‘]’lIC IIlOSt  CXt I”CIIIC  CO]O1’S  ZI1”(’

tllcmof NTGC 106S.  ‘1’11(’ (lust t(’1llj)(’I’:it  ~ll”(’s IIlostly  l’:ll)/)(’ l)ctltccl)  ~ (;00 aII(l 12001i,” \vlli(ll

is ill good agrm]llcIlt Jvitll  tlir ai”cra~,c 1( - 1.’ coloI  tclIll)cratulcs ( 1 0 1 0  :! lSoli)  fo[i]l(l 1)~

hJcAlary& l{ickc (19SS)  for aII .X-ray sflcctul s~lrl)])lcof Scyftrt g:t]axics. \\”tl(l]  colll))ati[l:~,

tllcsc diagIallls lvitll fig, IIlcv+ 4 aIId 5 ill AIOIIS()  }Icrrcro  et a l .  (19961)),  \vIIcrc  CO1OIS ill :1 :1”

diar[lctcr  a~jcrtuw lv(>rc p l o t t e d ,  it is ]Ioticc.al)l(,  tlIat  tile  scat tfs I ill tlIts IIcal-lti c.olols is

al)cvturesc)f  a giveIl ~itlrcl ](liti[l)ctcr;  vllicll  arcgcllcra]ly  slIlalle[  tllall  3“. It iszilsc)clcztlftc)lll

‘J’al)lc2tl\at  lal:,t’zl])tlt~ll(cc)lc)[s  (i.e., tllost  illcl~ldill:,  ]IIost  of tll(:,al:lx~)  t(LIId (() IVSCIIII)I(

tllc  colc)l’s  of IIollIIal sljila]  p,illaxi(s, (’xcf’])t  ft~l lN(J(’  11,51  alIcl .S(; (’ -l?~):j \vlli(ll s t i l l  slIo\v

quite rcd  lf -- Ii’ colc)ls c\’cIl  ill 30” a])cltures. ‘I’IIC,I - }1 aII(l 1 1 -  fi cc)lc)lsc)ftll(().fi-  ll<j)i

alllluli  are l e s s  aff’cctcd  Ly dLIst clllissio]i tlIa II tllosc  of tlIc cclltral r(’giolls,  alId coIIcsl)f)II~l

quite \vell to t,llc colors of lIorl IIal galaxies; (jIIly tllc  colors  o f  N(JC’ 12.33 relilaill  I“crj’  l(Y1.

III at least SOIIICJ  p,alaxi(s  (C.:,., hlrk  34S, hlrk  57:31 N(:(~  106S aIId N(; (’ 41.7)1 )  tll(c  II’ -  f.’

c o l o r s  of tllc  aIIIIIII  IIS callllot  l)t’ (L.xl)lail]ccl  :IS t]l]issioll  fmlll  ali c\.ol\(I(l stc’llal ])oj)ulat ion

]JIUS cxti]ictioll  effects. l{atl  ILl, tlIc alIIILIl:~l  I\’ 1,’ cCJIOIS S(YIII to rcfl(cl  a  co]ill)illatioll

o f  aII evolk’ed s t e l l a r  l)o])Lllatioll  lvitl I 1101 (Ilist  ill cl]iissi(]ll, \vitll  tlIf* fra(tioll  o f  l\’-lJalICl

cI]lissioIl f[oI]l ILot dust l)ciIlg SIII:II ICI tllall  fol tll(’ SIII:III  II Llclca  I al)clt[ire.  ‘I’l Ic 1~” - 1,’ colcJls



of  tl)c aIIIIUl  LIS ill hTGC 2110, N(l(; 2992, N(; C 30S1 , NTGC; 43SS atid INGC; 52.5? could 1)(s

sim~)ly  the colors of al I evolved  stellar po])ulatio]l  rcxlduled  Ly a forcgmlllld exti[lctioll  0[

AIZ H 2-- 4111ag.

Altllougll  tile  above ]]]odc] s u c c e s s f u l l y  cxl)laills  tl~e ol~scr~rd  Iiuclcar  CO1ON,  a II1OI(

real is t ic  model  in tile  col]text  of tllc  ullifid  ]ncdc]  lvould Ijc desirable.  l)iffcvrllt  gcolnetlics

aIId physical sizes l]avc }KC]I ])ro Imscd  for ttle  l]ot.  dust close to tile  cclltral c71g,i11e,  i]lcludill~

a lvarpecl tllill disk (Sa])clers et al. 19S9), slid  a dusty  torus  cxtelldillg,  ol’cr a fciv lIuIIdrcfl

]mrsccs  ill ;vllicll  tllc IIot clust  i s  locattd i]] tllc  i[l]lcr fvall  (]; I’O]i]i  CK l~cf)elllla]l  19SS,  l’icl c(”

Krolik  1993, Granato  & l)atlesc 1994, hlaio]illo  k, l{icke 19!)3). II I  tlie  dusty  torus  sccllaric)

tllc  cxistel]ce of differclltial rddc]li]lg  Lcttvwrl  tllc stars and  tile  not  dust is ])rdictcd,  si]lm

tl]e torus lllayl>e o]~tically thick  Ckcll  ill tllc  ]Ili(l-11{.  llcrc }vc cxallli]le  tllc  l)ossil~ility tll:it

tllc Ilear-11{  co lo r s  arc ])locluccd  Ijy a col[ll)ill;~tio]l  of s t a r l i gh t  Ilc)t sig[lificarltly  I(>dd(II((l

(Al <2 ~na~), aIlcl IIot d u s t  lIlucll  11101’(” I’(’dd(’llc(l  (<l\, N () - 4 0  IIlag). ‘1’lle  I’csults  :1] ’(,

illustrated ilk l)i~,~lws .9~ ~ill~{  9<1, ~~]li~]i  ~Lg~\ili ~L1f. COIC)I-CC)IC)I  CIia,gra![ls. III caclI I)lot, tllc

das}Iccl  liIle sllolt’s  lIo\\’  tlIc color  cl IaIIgcs zis lIIC ratio of tllc  illtlillsic  (u IIol)scu  IcId) dLIs L

!’duiL :- ~.~ - -  5 (Ilulllt)c’lx  Ilex[lulllitlosity  at ]{ to tile  s t e l l a r  lullli]losity  at Ii- is Iwried:  ,,4,,1[

to tllc curies). ‘J’llcsc dasl  Icd lillcs coIIcsl)o  IItl  t o  tllc,  solid liIlcs ill lliguIcs 2 a  aIId 21). III

1+’iguws 2C aIId 2d ~V(S 0111}’ ])lot tllc  ms(llts  f~)l t~ro d(lst tcIIIl)f’ItItLII[s:  7’ = 1 2 0 0 ”  aIICl  6 0 0  Ii

i]) J - }/ Ircrsus 1/ - f{, aIId 7’ = 1200 aIId NO K iIl 11 - I\’ I’CISUS II” - l.’. ‘1’IIc s o l i d  lilies

re])rcwllt  the IIlixillg curves  of tll(’ colo Is of a II OIIIIal  sl~iral  galas)’  (u Ilol)sc LIIcd) aII(l tlIc

coloIs  of not dust elllissioIl  (rdde]Iecl l)y visual  exti]lctio]ls  flolll Al” = o to .11’ = 10 IIlag)

for tile cliffcrent  ratios of dust c]llissio[l to lIIC g:~laxy clllissioIl ill A“. 011 tllcsc  lillcs.  tlic

tick  IIIa IkS arc locatfd  ci’cIy  10 Itlagllit(l(lcs  of lris~lal  cxti  IlctioI1. 1’c)If[;Ic)LIIIcl  I ddcIliIlg  is

illdicatc(l  l)y tlIe aIIOIV 011 tllc III)l)C,I  l(>ft COIII(I. lNcJtc’ t h a t  ill l“igure  2( I tlIc dasl  Iccl Iillcs  fot

tllc  S00 li-Illixillg; cuIkrc illllstl:ltt’  IIO1!  tllf fCI,,.t/l,(,ll  ratio cl Ial Igcs fol tll(> talious assulllcd

dust  cxti Iictiolls.  ‘I’l Icsr results  CaII tj(,  I(>adilv  CO II I])a ICd Jvitll  tllc  data ])lottecl iIl l’igu It’s 2a
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ancl 2b. C lea r ly ,  IIICHt of tlie  0.5 k~)c IIuclca I J – 11, 11 -- A’ ancl A“ – l,’ colors  CaII l~c also

explained as produced by a Illixturc  of ati 01[1 stellar populatioll  .arld ]Iot dust c[llissi~)]l

Ivith a tclnperaturc  7’ =- 1 2 0 0  K, tllc  latter CO IIl]XHIC’Ilt  Iddc’Ild  IIJ’ ]J~t\~~~l)  AIJ = .5 a n d

= 30 mags. ‘l’he ratio of dust elnissioll  to tile  stellar clnissiorl,  as derived floll~  tllcse  diaglallls

o f  tile IILlclcaI’  C O]  OI’S, iS bctlv(:ell  “duiL =- ] aIId 6 iIl ]“igure  ~c aIId hct\vmII1,,,,,, py =- 0..5 all(l,,[,

1 0  iI] I’igure 2d. ‘I’l Ic 1 l;)jc  co lo r s  arc rcljmducd  }vit]l  tllc SaIIIC dust  tclnl~crature  aild

Al~, but s]naller values  of ~du;;,,,, . O1ily  tllc  lI[lclcar colors  of  NGC 106S Icquirc  a lotvcl’  d u s t

tcrnpcrature  (7’ = S00 Ii), }vitll  f’d:,;: 2 10 arid ,’11~  % 25 lIlag. ‘1’lIe dcli~’cd  dust tcl[ll)clatu](,3

for NG(; 106S agmcw quite  }Ycll Jvitll  tlie  eflectii’c  dust tcl[l])eratuw fitted by l’icI  & lil~]lil<’s

(1993) Inodcls. Note lIoive~er tliat altllougl)  tile  II1OCIC1S irlcorlJoIatillg  tllc  cxtillctcd  dLlst

cInissioIl  do Ilot ]~lo~’idc  in geIIc Ial s tat is t ical ly better  fits tllall  tlie  IIloclcls ivitll a IIlixttllc of

stellar light aIld uIIIcclclcIIc(l  dLlst, tllq’ ])loI’iclc  a tJC’tt Cl’ coIlstl’ai Ilt to tllc  dust tc’lll])cl’at  ul’(:.

Since  tllc  eIIlissioll fw]]~ n o t  d u s t  SCCIIIS  to  IIIakC a sigllificalit  mrltril)utioIl  to

tllc  ot~scrvcd NTI1{ coloIx of our saIIIl)lc of S(yftrt g a l a x i e s , C)llc  Cx])c(’ts  t h a t  tllc  N]]{

s p e c t r o s c o p i c  aljsorljtioli  fcatu Iu of stars slIcjIIld  lje dilutc(l  l)y tllc  Iloll-stellal coIitilluultl.

‘~’hc dust  mnission  clearly d i lu t e s  tllc  CO t)alld (at 2.2 f)//1n)  ill tllc  ]Iuclcar  slwctrulll  o f

INGC 106S (see figule :3 ill oli~lia, hloor~voo(l, .! olil’a 199:3), lvitll a Ilo[)-stellar  CCJlltl’ihUtioll

a t  2.29~LIIl o f  al~c)ut  S:](X  OI cqui\altlltly  $’<<’1::  = .~.~), ‘J’],is  IC,SIIlt  is ill g o o d  agl’CCIIICIlt  lvitll
,.1,

ouI tlvo lin)iting  Cstilllat.cs fol tile  ]atio o f  (Ilist  [~[llissioIl  t o  tllc  stellal  elllissioIl ill I\’ flwlll

l“igures !duiL  ,21.) a]ld 2d, that is, ~ ,, ]  ,  ]’(dUSt) =  6(]() ]~ fol” t]l(’ Ulll’dd(:lld  dllSt 1110[](’],,,1,

aIId ~::: = ] ( ) ,  ‘] ’(dl[st)  = 800 ]; fol’ t]lc IIIOC1(:I  \vitli exti[lctcd  d u s t  (.4!, = ~.~) II Ia:)). 1’01

NGC 2110 Oliv.3 et a l .  (lWJ) csti]llatc  that tllc s t a r s  cc)lLtriLutc  a])l)loxilnatcly  W(X of

~,du~L - ()~,5  fol  a slit of 4“.the t o t a l  colltilluulll  at 2.W//IlI or ~ ,, - 1“1’0111 out’ 1 kl)c-a])(’I’t  lll”(’,.1.

pllotol]lctry  \vc illfcr  $d”;; = 0.50 Jvitll  110 sig[lificalit .,l~, f o r  tllr d~lst, collsistcllt  \vitll tllc,,1.

fillclillg  of oli~a [t al. (199.5).
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so far WC?  haVC colnpalc’d  t]le ~]]{ colors  of OL1l’ salll])lc  o f  ScJ’fcrt  galaxies  Ivitll  t]lt’

expm.tat ions for Ilorlnal  galaxirs. llo~vevcr,  it is of i]ltcwst  to coIIlljaIe  tllc  actual  SUILLC(

brightnesscs  on tllc  scales proljcd  (e.g., radius  0.5 kpc, and t}le  0.5--1 Ii]jc alIIIulus).  I’clcti(’r

& ])a~CC]k3 (1997) ])1’CSCIlt  ~]1{ Sill’fZdCC’ bli@tIICSS  ]M’OfikS  Of ZL CCH1l~)]C!tC S21111]J1C  Of :30 llC’:L1”IJJ”

SO to Sbc galaxies. \\re  haw coIll]nrcd  the A’-baltd  surfzzce brigl[tncss  profiles of tile  Sc~f(rl

galaxies with tl]ose  of spiral galaxies witli  sil]lilar  lllor~)llological type and redsl}ift.  l;or all

OLIr Seyfcrt ,ga]axics cxcc!I~t  AT[;C 10N, ~T~;[~ 4 15] al]d ~(;~; 425:3 Yvc filld surface t~rig]lt  IIC’SS

profiles similar to those of sl)iral  galaxies, Iritll  diflcrczlces  ra[lgir]g frol~] 0.1 to 0.S lJlag

arcsec- 2  for radi ZLl diSt ZL1kCCS lWt W’U’11 ().5 a n d  ] kl)C, a[ld fCJI’  t]ld iIIIIC’I’  ().~k]X.  ‘] ’’]IC  Sll I’fd  CC

brig~ltnmses  o f  tllc Scyferts NIG(; 106S, NC;{;  4151 and AT(;C: 4253 at 0 . 5 -  1 kl~c radi  L[s at{’

1 – 2 mag arcsec- 2 briglltcr  tllall  tllc IIorInal  g a l a x i e s . lntercstingly,  t lIcw tllrce galaxies

SIIOW the reddest  11 – K c o l o r s  f o r  tllc 0.,5 aIId 1 Iipc-dialllctcr  a])erturm. I“roln our  s]nalt

sample of !Xyfert  galaxies \vcI callllot  llotvei’c]  dcrii’c  ally statistically. significant  collclusiol]s

as to w’hctlicr  tile  surfidcr bright  Ilesses of tlic  IIuclcar  a[ld cilcLllIlllLlclt~til  regio  Ils of Seyf(’rt

galaxies are substantially brighter tllall  tllosc  of lIorl  Ilal galaxies.

3.2. ‘J’he IZ’-bancl  i m a g i n g
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oIIly a wry small coIltrihution  froIll tlic  lIost g a l a x y . 1’;xaIIl]Jlcs  of SUCII coIIl]jact  sources

include  tllc radio  galaxies ~ygIIus  A (l)jorgoi’ski  et al. ]gf)]), &lltalll’LIS A (“1’LII’IICV’  Ct

al. 1992) aIIC] 1’1<s 0634--205 (SiI[llJsoIl, \\TaId, & \\rilsoIl  1  99.5), tlIc  S(:}’fcrt  2 galaxies

N(~~ 1386, NI(3G –5-23-16 aIld II{AS 195 S0--- 1S1S (A1OIISGIICIICIO  et al. 19961.))  atkd tile

Scyfcrt 1 galaxies NG~ 7469 (Mazzarclla  CL al. 1 9 9 4 ’

& SZU1(]CM  ] 993).

11’lIeII dctcrIni  IliIlg  tile IILIclcar colitril)utio]l  to

alId Mrk ‘2:31 (’/)l IOU, \\T\’]i]i-\\rillial]ls.

lIc total  Cl[lissioll  flol[l a galaxy at

o p t i c a l  aIld IIcar-11{ wzi\’clcIlgtlui,  tllc usua]  ]JIOCCCILIIC  illvc)lvcs  dccoIlvolvi  Iig tile  ])rc~file  iIlto

cliffexmt COIll])OIICIlt  S, t~l)iCal]y aII Ull I’CSO!\’C[l  II LIC]Cdl’  WUICC, a tJLll~~:  ~11(1 a ~lis~. I1OWWU,

bxause  of tlie colnpact Ilatuw of tllc  sourcw  aIId the sIIIall  colltrit>Lltion  froln  tllc  ullderljing

galaxy, such an approach is ]lot  feasible fit 1,’, and so a diffcrc]it  Inctliod  lIas l~ccII ado])td.

OLIr approac]l is  siIllilar  t o  t]iat used  by h’lclmd  & ]{iekc (1993) slid ]lOIkS et a]. ( 19{~2).

a]lcl  ill~rol~rcs  tllc ass Lllnl~tioIl  that a ]~oi]lt  sljread  fLll]ctioll  (})S1’) fro]ll obse rva t ions  o f  a

star i s  a  goc)d le])lesellt?ttic~ll  of tllc, uIIIxsol\’<d  ligl]t froIIl tlie  ]Iuclc.:Lr Ijc)itlt  sc~ulce.  ‘1”’IIC

azi~nutllally  al’elagd  rad ia l  surface l)rigllt;lc~ss  ])rofilc’  c)f tl]e ga]axy  is iirst  ol)taixic’(1.  l)LIC to

tllc s]nall  arm coi’ercd  ljy t i le  1,’-lJaIId  i]]lagcs, tllcrc are ]10 stars ill tllc f ield,  allcl  thcrcforc

a standard star obscrl’cd  slIortly  I)cfore or aft(~l tile  galaxy is used fol tllf’ 1) S 14’. ‘J’llc  stt’llal

I’SIJ brightness })rofilc  is tllell scale’(1 to Illatclt  tlIc ccIItral  galaxy l.)rip,llt Ilcss. ATotc  that ill

doi Ilg so  Jvc InaJ’  ovcrmtilllatc  tllc  ])oillt  source  l~ri~lltllcss sillcc tllcre is SOIIIC stellar flllx

a t  ~hc IILIclc!Lls  itsc]f.  III l“ig LIw 3 IV(’ SIIOIV  fo~lr CX:LIII])]CS o f  t]Ic ~,’-]jaIId I)rig]it[lcss ])rofi]cw

(cx],rcsscd i,] II,ag a rcscc- 2, rc],l(sclltcd as sc,LIarcs ,vitl] their associated C* LO*S. ‘1’l,c l)S1’

l~riglllllcss  ljrofilcs  are tile  stal-like syIIIljols. f \  (~ ZILISSiall  fUIICtiOll ]IZIS l)CCII  fitt Cd  tO C:(CII

s t e l l a r  l]S1:, ivitll tllc  \wl Llc of tllc  .sCci!lg iIi arcscco IIds (1’\\’llhl)  il]dicatccl  at tllc to]) c)f

e a c h  panel.  ‘)’lIc GaussiaIl  fit is rc])Ics(sIItccl  IJ} tllc  daslIcd  lilic.

‘lllIC colltril~utio[l  of tlIc lllIrCSOl\rCd source  is foul)d  I)J’  iIltcgIati Ilg t)otll the galax~ and
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stalldard  star briglltllcss  profiles  kvitllin  tww a1Krturc5: a flxcd 3“ dla Illetcr a~)c!l’tur(’ :11!

aper tu re  co]llprisi]lg  tllc  surface brigl]t[lcss  Ii]nit  at 1,’ a s  i]ldicatcd for cacli galax)’  iii 1

caption of l’igure  1. 1+’iIlally  tllc  r2~tios of tllellI11cs(Jl\’ccl  to tllc  t o t a l  1.’ flux are CalCLIl;li.  .

for both apertures. Thewsults  arcprcscvltml  i]lrl’ablc4,  ~vllmecolu]]lli  ( 1 )  gilrcs tllc]l:lllll  :“

tllc galaxy, colulnn  ( 2 )  t h e  l“\\’llhl  (ii] arcsm) obtail~ccl  by fittillga Gaussiall  fullctioll  lL) [:

standard star, colunln (3) tl]c fractiol]  of tllc  total flux Jvitlli]l  a 3“ diarlleter aljerturt’  lilt

is unresolved, Column (4) tllc  lnaxilllulll  radius  used to produce tllc 1,’ ~;alaxy  briglltIi~’:-;

profile,  CO] UIIII1 (5) tllc  fractioIl  of t]Ic total flux \vit]liIl tile a]mture  g,ive[i iIl tllc  pIc\’i(JII.

column which is ut)rcsolved,  and COIUIIIII (6) tile ]I]agllitudc of tllc  ullrcvwlvml source at /.’

l;roln  ‘1’ab]c 4  i t  call bc sceII  that  tile  co]ltributioll  o f  tllc  ullrmollcd  source  to III(’

1,’-balld  flux witllill  a 3“ al)erturc CXCCWIS  SO% for all tllc  galaxies  ill c)ur saImjle  CXCIII1

NG~ 2992 and NGC; 2110. III our saIII])lc, tllc  Ullrmolvd  Soul’ce acc”oullts  fo r  I.)etlv(’(’11

X% atid  100% of tile  l.’- band Cll]issio]i  illtcgratcd  o~’er tllc l)riglltllms  sllrfiac.e lilllit.  “1’11;

reslllt lvas zLlltici]~atcd  by tlIc IIoII-stclla I fr; tt. tioris cdlculatd  b~’ difl’cwllt Il]ctllods,  .SII( l]

as conl])arillg  llIC I\- — 1, co lo r s  o f  IIorlllal p,alaxim and Sc>rfcrt ga]axi(s  (hlc.41ary& l{itk~

1 9 S S ,  Alonso-llerrcroct  al. 1996 b). ]Jor tll( four ga]axics  ill co]ntnoll  ~vitll  tllc  stud~  ()[’

Alo]]so-lIcrreroet  al. (1!3961)) N(;(~ 2110, NC(’ 4 3 S S ,  \llk  34S aIIcl Alrl< 573- Ivc fill(!

good  agreemel]t (to Jvitlli]l  tllc  errors)  for tll( contribution  of tlic uiiltsolvcd  source  tt) 1 III

integrated flux Jvitllill  a :3” a]~crture.

3.3. l’he origin  o f  the circumnuclear  1’ elnissioll  in  hTGC  1068  a n d  NTGC .11::

A s  Ilotcd  ill Sectioll  3.1 tlicrc arc four galaxies ill our saI~~I)lc (XG(~  106S1 NC(: 1 1 - 1 !

hlrli 34S and  hlrk 573)  sllo~vi]lg  0,5 --1 k]~c arIIIIIlar 1/ - A’ aIId I\” - 1.’ CO1O1’S \vlll(-11 (’;l!!  1,,’

bc accoulltccl  for lvitlk  a r{ddcl~cd  IIorIIlal  s tel lar  ]m])ulatioll. llo\Yc\’t’r  fol” t~vo of tll(’:.(’

g a l a x i e s  (Nllli 34S a]ld hl,li  .573) tllc  Z,]lg[llar  sizfs Usccl  to ol,tail,  tllC ().l,li])C  and 1 k],c {)1, .
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are relatively small, and it is ]Jossil~lc  tl]at solllc of the annular 1.’ flus  is froln  tilt

o f  the 1’SII’. l’or this rcasotl,  tllcw ttvo galaxies  are Ilot illcludd  ill tllc follo~villg  iI II

‘1’he t~vo most likely Inccllanisms  producing tile extra I,’ flux it] tllc  cilcLll[lllLlclc’z~l  r(.

hTG~ 1 0 6 S  ancl ~~;~ 415] w’ou~d bc scatter i[lg of t]]e intrillsic  Scyfcrt spcctrLlln  bj’ (! ~

in tllc  anl]ulus  region, or ill-situ  IIcati[ig  of tlIc dust by hot stars. ‘1’IIc scat ter ing (I!

necclecl to reproduce tlie Iloll-stellar  alIIILilar  i,’ flux is too lligll, si[lce tl~c ratio of tllf’ ~’

llorl-stellar  flux to tllc  nuclear flux (assu  Ini[lg tliat all tile  0.!5 kl)c flux is I]oll-stcll:lf  I

approximately 0.1 for l~otll  NGC~ 106S aIId N(;(~ .4151. I II  additio[l  ill tile  case  of NC; (’ ~

tllc  cwtcndecl  1,’ 1X111(I  C[llissioll  is alip;[ld Jvitll  tile s tel lar  hi], SUC1l all alig[l]llcllt  Ivould 1:

l~c cxpcctd if scattcrcxl  ligl]t frollk  tile  IIltcltus  lvas tlic  origin  of tlIc Cxtclldd  clllissio]l.

lVc no;~’ collsidcr  tllc  ]jossibility  tliat tllc  extc]ldcd 1,’ clnissioll  i s  produced  1)~ ill-sil  II

IIcatitlg  of clust l.Jy not s t a r s . l~irst  lvc lied (c) dekr[llille  tllc CXCCX5S 1’ lurllillosity,  i . e . .

tllc  lloll-stellar lulnillosity  fvitlli]i  tllc  all])ulus. \\’c assulllc  t h a t  tllc  stars i]] tile  aIIIiL]llis

llaw IL’ –  1/’ == ().45, a]id use l“ig~ilc 21~ to dcterll]ilie tjotli tllc  fraction  of tllc  al II Iulal

1{-bal]d  luI[li  Ilosity  cIllittcd  l~y tllc  s t a r s  and tllc (lust  tcln])crature.  I\Tc ass~llllc  t h a t  tll(

dust  absorbs the U\T radiatio]l  produced  1)~ a ])oj)ulatiol~  of ]Iot stars alId reradiates tlic

energy in tllc  1,’ lIa Ild. A l l  tllc  Ilo Ii-stellar 1,’ f]ux tvill  tm rcr:idiatcd  dust elllissio[l,  sillcc till’

types  o f  s t a r s  resl~ollsil~le  fo r  l)eatil~g  tllc  dNst arc not aIId I) IIIC3 Iallc tllel’ofol’e  Jvlll Ilot lla\”t

Inuch  iI)tri Ilsic NT]]{ c]llissiolL. ])or tlIc ])ur]mw of ollr sil]lI)le calculatiol~  Ivc ivill  assullle

t]lat oIIly d u s t  ~vit]l telll]~cratllrcs  rallgi]lg  I)ctivce]l  700 ]; ar]d $)00 1{ (t]iis  dLlst  tcln])i’ratur{’

range is derived frotl] l“igurc 21J) \vill  IN ]Il:lkiilg  a  sig[lifica]lt  colltributio]l  to tllc  ol)sctic(l

n o n - s t e l l a r  1,’ flux of N({C; 106S  and IX(; (; 1151.  NcJ\v \Yc IId to dcterlni[ic a rcawll:il~l(’

~~al~lc  for tllc  rc-radiati~’e  (.~f[icicllcy  to colll.(’rt  tllc lJ\~ lullli]iosit}’ c]llitted  b}’ tl]c st:il~ t o

ill framl rcradiation  by tl]c d[lst.  III a  roup,li  zi])]jlc)xi[lli~tic)]l  this cfiici(lici  CaII Lc ex])lt:ssrcl

as.



wllcre  Q is tile solid allglc subtended ljy tile  dust, g takes il]to accoullt  that olIIJ’ ;I !’.

of  the total  dust  cll]issiolL  coInc5 out ill tl]c 1,’ bal]d,  ar)d for tllc  col[siderccl  telllll(~:;

range Ar is the optical de]jtll  Ilccdcd  to rcducc tlic  tcnlpcraturcof  tllc  radiatiol]  field

900K to 7001<. Jl]cxllodelg  as tllc  ratioof tllc  3.4–4.lJL1tlclllissioll  to total e[nissio[l

i.

1’(,:

800 K Llackbody.

take into  accou]it

radiatic)n  field (1,

IJLIV ._
------ c ‘Q = CU7’”’
.47J1”2

Iifl)crc 7- is tllc  opt ical  dc]~tll,  Q is tl)c aljsor])tioll  cfficic]lcy  of LILC g;rai[]s, c is tile  c’lllissic~ll

efficicrlcy  of the grains  allcl  o is tl]c Stc’f2ill-llCJILzIllallIl  coIlstallt. ‘1’llC IllaYinlul  Il \’al LIC’ fol’ tll(

rc:-radiative cfficicIlcy  (i. e., assulnillg  Q =- 47r) turns  out to bc ~ = 0.16 ill our siltll)lc  IIlo(.1t’1.

‘1’hc cstinlatcd  dust lullli]iositics  Ivitllill tile  0.5 – 1 liI)c alI1lulus  arc 1.633:0.10 x 10”12 cry,

s –]  and 6.09 +. 0.10 x 10”1’ crg  S– l for NC;(” 10(iS and N{;fl  41.51 Ifs]jcctii’c]y.  lICIICC tllc

lo~tcr l imits  to  tile  lJ\’ lu]]lillosity  IICCC1(CI  to ])roducc  tllc  ohscricd  /,’ lllll~irlosisitcs lvouI(l  !,,

]/[J~ & 1 .() X 10~3 cr~ S ‘ 1  aIId I,LIV R :3. S x 10’12 erg s-’l Ics])cctilcly. l’a]lclli ct al .  (19!)7) I1;lJ

rccclitly obscrl’cd  both g a l a x i e s  \vitlk  tl)c (lltra~’iolct  IIl]agi]lg ‘J’elescoj)c,  arid 51101VCJ(I  1 li~l

they clisp]ay cxtclldcd  LT\: clI~issioll  s[lg~csti[]:  tl]e ljrCSeIICe  o f  lnassi\c stat’  for[]lati~,[l  i:,

their host .galaxics. ‘1’l]esc  autllols  dctcr[llillc tl~at tllc  starl~urst  disk of iX(; C 106S clt,t)lllt:’  ,

the observed lJ\’ lulnillosity  (v SO(I),  JvlIor(Ias tlie  disk of NTG(; 4151 co[ltriljutcs  :lIJ(J.  “ ‘

o f  tllc  t o t a l  [JV lun]i[losit~’.  lITIOIH tllc  ~Icar a]ld far [J\~ l]lollocllrc)[]lz~t.ic  f[uxes and t II( , i

of  tllc  IIV disk cmissioll  to tllc total c]]] issioll  givcll i]l l“allcl]i  ct al .  (1997),  \vc Csti]lljl!l  ,

d i s k  U\r lu]l]inositics  of NCIC 106S  aIId N(;~J 4 1 5 1  to h l,~rv(disk)  : 2.’2? x 10’t3cr:  K : ,:
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lJuv(disli)  H 4.2 x 10”2 crp, s-l respectively, ~vllicll Ivould suffice to account for the aIIIIUlil

I.’ emission in these  t}vo galaxies. SulnrIlarizing,  this simple calculat  ioIl sllolvs  that i]l-sil  ,

}lcatiIlg of dust by l]ot stars is a plausible Illecllailisln  to explain tllc  a]] I\ular  Ilon-stell:il

eInissicJn  in these tlvo galaxies.

3.4. Morpl]ology

hlulchaey  & \VilsoIi ( 1995)

of the central  and circumnuclear  r e g i o n s

Ial’c found  a good corrclatio IL l)ettvce[l tile  orie[ttatio  Ils ()!”

the [0 111] ~500’7° emissio]l  ]iIlc rcgioIl aIlcl t}le gI’eeII cor\tiILuuln 011 a scale of a fetv arcsecoII~!

iIl a sample of Scyfcrt galaxies, al]d llal’e  suggested that this is duc to tllc  ]jIeseIIcc  of aIi

extcIlclc(l feat LII’clcss  coIlti Iluu I1l colll])oIlcllt. SuclI aIl cxleIIdccl  fcatulrless  coIltiIluuIn  iva.

origi Ilally p r o p o s e d  hy “llral I (1995) ill ordc I to ex])lai[~  tile  oljtical  ljolarizatioIls  swn ill ii

sample of Seyfmt 2 galaxies.

hlcl,cocl  & l{ieke (19!)5) lIaIIC  found  that LIIC Iatc o f  occurrcIIcc o f  I)ars ill ScJfcrt

galaxies is similar to that ill IlorIIIal galaxies. IIotvek’er,  h~aioli[lo et a l .  (1997) find tl~at

asy]nmetries (namely, tile  occurre  IIcc of I jars, i]ltcractioIls aIId distorted Inor]jhologim)  at(

Ill Ore freqllently  ])resellt  ill IIosts of S’eyfcrt j? IIuclei  tllall  ill f i e l d  ga]axics,  aIId ill SOIIIC  cas(’

are prol)ably  lillkd to all cIIIIa IIcccl rate of star forl[latioll. Aloreovcl,  I’(’cctlt  O])tical  aIl(l

near-111 surface pllotolllctly  studies o f  g a l a x i e s  sclcctd a s  c a n d i d a t e s  fol lla~’illg at least

dou}>lc’ bars (See fol  il)st aIicc \\ ’OZlli?lli  ct al. 1995, l’ricdli  ct al. l:)!)(i) lla\’c slloJ\’11  t h a t

tile  prol)ortioIl  of Seyfert  g a l a x i e s  alllollgst  tllcsc  cIcjlll)lc’-ljaIIccl  systenls  is lligll. ‘1’lIese

coIlflicti  Ilg r e su l t s  are uIIdoul~lcdly  due to tlIc sul~jcctive  Ilatllrc of lvllat coIlstitutes  a

distort ion.  ‘1’llis  Ilatural]y  raises tlIc quest  iol] of Jvlletlicr  SLICII str Llctulcw arc IIIOIC COIIIIII(),,

iIl Seyfert galaxies t]lan  ill Otllerlvisc  si][)ilar  II OIIIIal g a l a x i e s . 111 addit  ioIl,  slllall  scale  Hi!

s t r u c t u r e s  llal~c  tjccll dctectccl  ill IIca I-1]{  CO]OI  II Ia])s  of tllc  cc Ilt I.al or cilcLIIllIILlcleziI  rcgit)ll+

of soIne Seyfcrt, galaxies (e. g., hT(~C; 52r52 l(otilaillcIl  & l’ricto 199fi; Ill’Ii  3’1S Sinl])st}::
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et al. 1996) or in resiclua] iInagcs  ohtaind  after subtract

elliptical isc)photm  to near-]1{ iInagcs  (e. g., NTG~ 7469

- A p p l e t o n  & hlarcul~l 1993), or in optical images  ot~taiI)d }vittl  il.$?’ (e.g., NG~ 5252-

“l)svctanov  et al. 1996; hfrk 573- ~apctti  ct al. 1 9 9 6 ) .

It is of interest, then, to study in cletail tllc  Inorphologics  of the ccIltral  and

circurnnuclear  regions of our sample of galaxies in order to determine wlicther  or not there

is an align Inent bctwccIl  the near-l]{ colltiIllla  ancl tllc  l~l’IIjl{s  (iIlclucling  ionizatioIl  cones)

ancl whether bars and red  structures SUCII as those  ll]clltioI~d almvc  arc COIIIIIIOIIly  preseI~t

in Seyfcrt galaxies wit]l 1’;1+;1,1{s. ‘1’0 dcterl[lillc tile IIlorplIologJr of obscuration aIld/or  tlie

presence of large  scale stellar bars, ~{’~ ][aVC’  ]JLlilt SI1100t]l  Ill OdC’]S  O f  t]l<’ ~- Zllld  ~~”-balld

images. ]ror those  galaxies  obserk’ecl  duril]g  both  ruIIs, tile iso])llota]  analysis  lias beeIl

perforInecl  on both sets of iInages. hfodcls  collsistiIlg  of best-f ittil~:  ellil)tical  isophotcw tverc

constructed (by Llsillg  the ]J{AI’ l;l,  I,l[’S1;  roLltille)  in order  to re~)rc~duce  the raclial t>riglit[~css

profi le ,  ellipticity  and tllc. oriclltaticJIl  (l’. A.) of tlic galaxy.  ‘1’lIe J- or li’-l)ancl  iIl~age  of cac]l

galaxy ~vas thcIl  divided by tllc Inodc],  \vliicll  is ass[ltncd  to rcl)resc[~t tlie  stellar brig] ltl)css

clistril~utio  I1. ‘1’he resul t ing images  lvill  reveal  ally isol~liotal dcl’iatiolls fro]n e l l ip t i ca l

symmetry, such as ham, spiral arIIIs, 11 11 regio  Ils, etc. ‘J’l]is  surface ~JllotolIletry tcclllliquc

used  in the near-11{ lias ]~roi’en  to be extreIncly  useful  for both traci Ilg tile  old s t e l l a r

lJopulation  and detecting l)ars and disks (h’ridli  et al. 1996). 111 ‘1’al)lc 4, COIUIIIIIS  (i), (s)

ancl (9) we give tile l). A. of tllc  3“-diallletcl  (Illajor axis) isopllote  ill tile  J, 11 slid  II’ l~a IIds

for those galaxies observed Yvitll  tlie  sInalleI pixel size (1996 l)cc data), aIld for a 5“-clia[nctcr

isopllote  for tllc  1995 Jail  data. \\’e clIosc  a larger  dialllcter  for tlIc latter data lwcaus~,  as

Inentio  I~ed ill Sectio Il 2, }vill[l  slIake  ])rod LIced art if icial  cloIigatio[ls  ir) soIlle iJl)agcs, so tliat

tllc sl~apcs  of tile  inllcrn]ost  isol}llotes nlay IIot bc rel iable. I II l~i~urc 4 lvc sl]olv  ])lots of tllc

sur face  l~rigllt  I\ess profi]c),  el]il)ticity  aIId ])..4. as a function  of tile  se[l]i-lnajor  axis of tile

fitted cllil~se  iIl J fo r  eaclI ga]axy  in CJUI  sziIII])lc  cxcc]~t hlrk 4631:-1 \\’. \YIIcII d a t a  e x i s t e d



from  bOth ObSCrViIlg  rllI15,  lVC Plot  both  fitS.  ]11 all CasC5 ~~C fitld aIl eXCC]lCIlt agrc’cment  for

the fitted cllipticity  ancl l). A. ill the ovcrlaplji  Ilg regions  of tlIe ga laxy .

III what follows, tile results obtained for cad) galaxy in our sanlp]c  are exa  Inillecl

for the presmccof  isophotal  dcviatioIls  froIIl  elliptical syIIIInctry. ‘1’lIc structures seeIl iIl

the model-cliviclcd images are compared with those in optical line-emission images; tllc

possible co-aligIlnlent  of these structures ~vith the axes  of tile  ltEI,l{s,  radio emission and

overall galaxy orientation is also cxamiIlcd. Although  bars ancl other  IloI~-axisylllI~letric

structures are clearly revealed in the Illoclt’1-  clii’iclecl  iInages, \vc also cxanlillc  the P.A. and

ellipticity  plots to ChCCli  t]lat aIIy SLIClI structures are IIot artifacts. Accordi Ilg to Nlcljeod

/2 l{iclie (1995), the cxistellce of a bar is indicated Jvllen  tllc  ellil)ticity  grc)~vs steeply lvitll

radius and tl]c[l falls of~ to the ellipticity  of tile  disk of tile  galaxy, and at the salnc tillle

the  l’. A. reInains  cons tan t  ove r  tl]e range of illcrcasillg  ellil)ticity.  111 ‘1’able 5 Jvc g i v e

the orientation of the oLlter parts of tile  galaxy as derived froIIl  tile ellipse fittirlg  of tllc

lolvcst isopbotes  (1995 l)cc data) iI1 COlUIIIII  (2 ) ,  tlIe orielltatioIl  of  tllc c)utcr ~)arts of  tile

galaxy c]mivccl  fronl  opt ical  clata iIl COlLIIIIII  (3), the 1’. A. of t]Ic [() III] A5007 and  radio

emissions iIl columns (4) and  (5) respectively, and referalccs for the optical and radio data

in column (6). (lolu  ImI (i’) suIIIIl~arizes tl}osr s tructures found  iIl t]le l[lc)[le]-c~ij’ic]ccl  ill~agcs

and their corresponding oric  Iltations. \\Te do not discuss NG[; 41.51 llerc,  because tile

coIltinuum  images arc coIltall]inated  by dif[ractioll  s~)ikes froln  tile  blight  Iluc]eus,  and are

therefore not suitable for this kind  of analysis.

hTotes  on individual  galaxies

AJIi 3.{8

‘J’lle  near-lit  and o]~tical  p roper t i e s  o f  tllc  Scyfcrt 2 galaxy Llrk  31S lIa\c becII  Cxtcllsilcl!

discussed by Simpson et al. (1996). ’1 1
0 sulnrllarize,  after subtracting a II Iodcl for tllc  surface

brightness of tllc galactic bulgcl  t}]cy found  a Id lillcar  structure (i]ltcr])retcd  as al I dgc-oII



disk) in the near-l]{ coIltiIluum  which runs approximately 2“ (S00 pc) It-\\T aIld is unresolved

ill the N-S directiorl. AII 11S7’ [0 Ill] A5007 i[nage  (~apdti  et al .  1996) sholvs t h a t  tllc

central emission is coIIfi IId to a ]inc’ar structure 0’!45  irl size,  lvit]] l}. A. H ]55°, lv]lilc  011

a larger scale tile  [0 111] A500’7/llcr+-  [NT 11] Clnissio[t  is extmlded  olcr seleral arcsecoILds aIId

sholvs a bicoIlical  Inorphology  w’it}l axis at l ). A. = 170° (SinlpsoIi  et al. 1996: hlulc]]acy  et

al. 1996). ~apetti  ct al.’s  (1996) optical c.oIlti Iluuln  iIuage  reveals ol.)scuratiorl  across tile

Iludear  region  with a scale of less than 50 pc. TIIC rcsolutioIl  of our images is Ilot good

enoug}l to determilic  ~vhcther  this o}~scuratio]l  is associated Ivitll  tllc elongated d feature

seen in the near-l]{ images.

]n F’igure  4a ~vc SIIOIV  tile  cllipticity  and IIlajor  axis }’. A. as a fuIlct  ioIl of tile  scIIli-Inajor

axis of the fitted ellipse ill tile  J band. ‘lllIC l). A. of tile  L“-scale isopllotc  ill tllc  J, }1 atld

1{ hand images is close to 90° (consistent }vitll  the orieIltatioll  of tllc elongated red  feature

founcl by Simpsc)n et al. 19!36). ]Iowever  tllc  f i t ted l). A. slIould  be takeIl  ~vith c a u t i o n

because of  the Io\v l’alues of tllc  cllipticity.  \\’itliilL  a regic)l) of size equal to or sll)aller  tllall

3“ (1 31ipc), 90% of tile  1,’-lmIId eInissioIl  ap]mars  to be ullresolvd.

hlrk  573’

\\~lIeII  fitti Ilg ellil)tical  isopliotes  to tlic  J aIId Ii’ l)a Ilcl iIllages, a  rcl IIarkal)lc  ttvist ill tllc

major axis of tllc  isophotcs  is fou Ild at a radial dista  Ilcc of 4’.’5 (see llig Llrc LIh),  cllaIlgillg

rap id ly  froIIl  l). A. & 0° – 10° iIl the outer iso])llotcs  to 1)..4. N SOO -- 90° ill tllc  iIII~er

isophotes.  ‘i’his is consistent, lvitll tile  prescllce  of a stellar bar cxtcllclillg,  over  i~])]~Ioxilllzitclj

-- (90” 9 Skpc) at 1’. A = 0° as also found  ill tile  11S’7’  5500  .~ ccJ1ltil~utlIl~  iina~c  ([~a])ct(i  et

al. 1996). 111 addition  to this l a rge -sca le  l~ar, l)oggc & l)cl{ol.)crtis  ( 1995) fil Icl evidellcc

for the presence of all illllcv stellar tmr in this galaxy, oric[ltccl  IIcarlJ’  1~-~f’ (1’..A. m 1000) ,

perpellclicu]ar to tllc  larg~,-scale l>ar. Our  da ta  slll)l)ort  this Iesult ,  since  tllc  clli])ticit~’

irlcreasm stccp]y  froln  tllc  nuclcm out to radial distance r H ~“, ~~l]i]e t]l~ ]).~j.  l~.I1l:~iI]s



approx imate ly  ccjnstant  (1’’igurc 4b).  ‘J’his galaxy therefore slIo\vs evidcI1cc for a ‘(bar Jsitl]ill

bar” situation.

~apcttiet  al. ( 1 9 9 6 )  coIlstructcdan  axisyI~ltllctric  I~loclclfroI~l the }15’1’5.500.k

corit~nuurn image and foutlc]  a dust  laIIe !vllicll  spaz~s  1“ (500pc)  ancl is sigI1ificalltly  lvarpcd.

‘1’he variation of the 1’. A. aIId ellil)ticity ~vitli  radius found  by these authors coInlJarm  \Ycll

with oLlr results, cliffcrcnccs in the clli])ticity of approximately 0.1 are found  iIl tl]e iIIIlcr  2“.

“1’he 11S7’  [0 111] A5007  iInagc  (Schmitt & Killncy 1 9 9 6 )  reveals e[nissioll extendiIlg  2“ to

the N\\’ with a total opening angle  of 70°, \YIIosc  sul~strLlcture  is apparently dolninatcd  l~y

the interaction of the radio jet ivitll tl~e IShl. ‘J1lIC 1’. A. of the 5“-dialndcr  dli]m at J, 11

and K (rl’ahlc  4) arc al] similar aIId consist  c~]lt Jvitll  tile  orieIltatioIl  of the illllcr  t~ar.

N(:C 1068

111 l’igure 5 we prcsmlt  the ~-lmnd ilnage dividd  l)y the Inodel  of N(~(;  106S superimposed

on the J-bane] coIltilluLlln  iInage  (note that,  duc  to the brightness of tl)is galaxy, tllc  A“-l~alld

image shcws a ghost image of tile nucleus, and thewforc the fitting is Ilot lclial~lc at that

positioIl).  ‘J’lle  solicl  colltour.s (cmissio]l  i]] excess  o v e r tile  galaxy model) clearly sholv

an impressive stel lar  bar aIId tile  in Ilcr s])irdl  arllls. ‘1’lIc bar ruIls froIn N]; t o  S\V a t

positioIl  angle I’. A. = 45° – 50° , a]~proxilnatc]y  36” (4 kpc)  i[k cxtrllt,  and l~ct Lvcc II :3 aIId 6“

(300 - 600pc) in lvidtl~,  i*l good agrcc*l)cnt  lvitl)  tllc  results fou**d hy ‘1’111’OIISOII  Ct al. (19s9)

at 1.6 and 2.21{111. l~urtllerlllorc,  the rcseIIll)laIIcc  of tile  deviat ions froIll tllc  sylll[llctric

model to t}le  ‘{lumpy” IIlcJrplIology  SCCII iI1 tl)c (;0 lnap prcsmlted by IIelfer & lllitz ( 1995)

i s  r emarkab le ,  altliougll  tllc  1’..4. of tllc  Inolecular  har is slightly diffcreIlt  (~ 630). ‘I’l Ic

orieIltation  o f  tile  l>ar dif[crs fro[Il  tllc  killelllatic aIId photolnctric  nlajor  axis  of tllc  galaxy

disk (1’. A. == SOO + 9°, IIaldttri[l, \\’ilsoI~,  ,V \\ ’llittlc  19 S’7). ‘J’lIe [0 Ill] A5007 elllissioll  liIlc

rcgioIl of this galaxy lIas a coIlical slIa]~c cxtc IIdcd I.)y 7’!5 at l). A. =. :33°,  JYitll ol)clliIl&  aIIglc

45° (Itvans  ct al. 1991). ‘lllIc  1,’-batld illlage  slIoJvs eInissioll  lvitlliIl 3“ of tile II UC][:US, ivitll
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85 YOofthc total  clllissioll  LIIlrcsc~lkecla I~cl associated \~’itll  tllc Illlclells,  Y\llereas thccxtellded

emission at  this  wavelength follo~vs tllc  orimltation  of the J, )1 arid A’ irlIler iso])}lotcx

(Figure 1 .c).

lnaclclition  tothehar,  tllerc:  isariIlg-likc  strLlctjllre  orlJerlla]Js  iIIIlerslJiral  arInsin the

Jbancl  irIlagc,  JvitlloLltcr  cliaIllctcr  H36° , sinlilar  to the 10 pnl struct  urc fourld by ‘1’elesco

et al. (19S4) and the morphology ill tile  UV/red continLILlm  color  map ]Jresentecl in l)ogge

& lkRobertis  (1 993). ‘J’hesc  aut]lors  show that rou,ghly half of the micl/far-11{ clIlissioll

from NGC 106S originates from the Seyfd nucleus and half from tllc clisk surrouIldiIig  it,

with the clisk  being po~verccl  by star forIIlatic)rl. ‘J’he nmr-l R colors Jvithirl  an aIII]ulus with

inner  diameter 30” atlcl oLltcr dialncter  36” (i. e., braclietill:  tile  ring) ale: J  --11 == 0.7S allcl

11 – 1{ = 0.27, Consistent ~~fith  tllc  CO1OIS  of IIorII)al  sl)iral  ,galaxics, ~v}!ercas tile  colors  of tlIc

nucleus itself (for a 3“ dial lleter a] KItuIe) are cxtrtl[lely  red: J –- 11 == 1.15, 11 – 1{ =- 1.10

and K — I,’ = 3.70, ancl car) best be rel~rescllted  iII terIns of a co]nbillatioIl  of ullredclellecl

starlight plus obscurccl  not  dust, cIllissioll (lirit,ll  a blaclibody  temperature 7’ N S00 1;), as

explai Ilecl above. ‘J’llc ratios of the total flLlxes  in t}lc ril]g to the IILlclcar  elnissioIl  (cicfined

as the region interior  to tile  stellar bar, }vitllin  a 6“ diameter apcrt Llre) iIl tile  obscrvecl

images  am 0 . S 0 ,  0.65 aIld 0.3’i at J, II and  A’ baIld  res]wctivcly,  tvllicll  dcInollstratm  tile

increasing dominance  of tllc  IIuclear  clllissioIl tolvards  longer  ~va~elcllgtlls.

NGC 2110

‘J’he c e n t r a l  l)art  of  the J aIIcl 11’- baIId model-cliviclccl ilnages  (Ilot slIolvII  Ilcre) clisl)la~’s

oIlly an unrcsol~’ecl  s tructure located at tl)e cmltcr  of tllc  galaxy, and a red  “1>101)”  at a

clistaIlce  9“ (2 l<l~c) f r o m  tile  center ill tile  S1’;  dircciion, tvllich is possibly all 11 II region  or

a forcgroLlncl  star. ‘1’lIc Iliajor  axis 1’ ..4. c)f tllr 3“ diallletcr  isol)hote  ill tllc  J, 11 and 1;

i]nages  is 170° – 1 7 4 ° ,  ~vitll tllc  IIlajor  axis co[ik’crgillg  tc) 163° at lar~cl raclial distal  iccs,

Jvbicll coillciclcs tvitll tile  Ol)tica] oi’cral] galaxy oriclltatiol] of 160° -- l(i6° (\\ ’ilsoli,  IIaldivill.



& lJlvcstad  19S5). ‘1’hc coIltril~ution  o f  tllc  uI~resolvcd  IIUCICUS  at 1.’ appears  to be Smallc’r

than for most galaxies in our sample, ~vith tllc  nucleus contributing only 42(% of tile  total

flux within a 3“ cliamcter aperture.. ‘1’hc }1S7’  [0 111] A5007 emission-line image of this

galaxy displays a  curd extended cmissiol[  Inorphologyl  Ivllich extends from the IIUCICUS

over 0’.’7 along the ISJV clirectioIl, aIld thcll  twnds towards the Nl~, with a total exkIlt  of

0’.’9 (hlulchaey  et al. 1!394).  ‘1’IIc l). A. of tllc  near-l luclcar [0 III]  A5007 and grccII corltinuunl

isophotes  in .gound-tmsecl  images is 15S0 (hl ulcllacy  &z \Vilson 1995) in good agrccmcnt

with the near-]lt  J). A. at ladial distances gleater tha:i  2’!7.

ivG’c 2999

NGC 2992 is a n  Sa g a l a x y  SCM alInost dgr-oIi  a n d  iliteractillg  \vitll h’GC~ 2993. ‘1’he

A’-l>and image divided by tl}c Inodc]  of N(J(l 2992 is  presented ill Figure  6 (the image

derived from tile  .l-l>allcl  data s]]olvs a sill] ilar  Illor])hology). ‘1’]Ic  nlodel-dividecl  result  for

this galaxy displays a very colnplex structure. 111 tile  iIillcrITlost  regiotls,  there is a structurr

at I’. A. == 3 7 °  s e e n  iIl CXCCSS,  cxtmlding  a])~)roxinlatcly  6“ (1.31ipc)  froll~  ttlc  IIUCICUS t o

the hThl ancl 11” (2.4 kpc)  to tl~c S\\?. ‘1’hc s])iral arIns arc also visible. ‘1’lLc overall galaxy

orientation as clcrivcd  from the }’. A. I)lot  is I’. A. == 23° (SCC F’iguue 4c).

“J’lie 110 + [N 11] illlagc  ])rcsclltcd  iIl [~cjll~crt  et a l .  (1996) slIolvs tllc  prc’scIIcc o f  a

d u s t  l a n e  which  scl)aratcs  tlIc Iillc c[nissiori  iItto a doul~lc-lokd  slIal)e,  Cxtclldillg  s h o u t

5“ – 15” in the S1~-N\\T  direction. A careful alignment of our IIloclcl-(lik’iclccl  image lvitll tllc

image in ~olhcrt et al. (1996) slIows that tllc  location  of tile  s t ruc tu re SWII ill c)ur illla~c

clocs not corres~)ond  with the position of the dust lane. ])uc to tile lligl]  inclination of this

galaxy we cannot disccrll  the nature of this structure. ‘J’llis  galax) also slIoF\’s  cxteIldcd

emission at  1.’ (1’’igulc  Ic), ivith tllc colltrihutioll  of the unwsol JJccl com~)ollcnt  to tile  total

observccl  flus  bci Ilg relatively  sII)all (26%)  ill co[n])arisoll  Ivitli  Jvllat is folltld f o r  lIlost  o f

the galaxies in our saml)lc. ‘1’IIc I’. A. of tlic  3“ iso])llotm  iI[ tllc J, }/ a]ld A’ bands arc a l l



coIlsistent  ~vith the orientation  of tile  dus t  laIIc, lvl]ilc at larger radial dista  Ilces tile I).;\.

b e c o m e  E 23 – 26°, prcsulnahly  tLwiIlg  tllc  uIlclcrlying  stel lar  clistritjutioll.  ‘1’hc IIuclmr

K-l,’colorso  fthisgalaxya  rcthe] east mlofaIly  iIlollt  saIIl]}le  l.Jcc:illsetlle  l,’u IIrcsol  Icd

component contributes a relatively small fraction of tile total eInissioI1.

‘1’lIe optical morphology of this ga]axy  is cxtellsivcly  discussed by }]ut a ( 1 990),  }VIIO found  it

to possess three ritlgs  of dialnctcrs  13” (IILIclcar),  6?” (i]l[lcr)  aIld 150” (outer) togetllcr Ivitli

a wk2ak bar which is CIIJ’C101JCK1  by tile  illller  ring.  Our elliptical isol)llotc  aIlalysis  (I)crfor[lld

out to a radial clista Ilcc of 30”) appears to slIo\v  ttvo bars . l~i:ure  T clisplays tllc  J-ljaIIcl

da ta  results, aIld s} IoI\’s  tile iIIIler  riI~g desc r ibed  iI] ]Iuta (1990) iIl tile  coIltiIluuIIl  image

(grcy-scale’).  ‘1’llc’ l, LIclcar bar ]~as a 1’.A. =: ] ]~” (coIlsistent  lvith tllc ]’.A. o f  t]ie IILIcleaI

bar iIl ~~uta’s  dcscri]~lioll),  cxtelldillg  ul~ to 6’.’6 (1.5 k])c) 011 either side of tile  IILICICLIS.  ‘1’lIQ

inllcx bar has  at~ average l). A == ‘i’l”. ‘1’llc lllajor axis positiol~ alIgle of this galaxy (i. e.,

oriclltat,  ic)n of tile  outer L’illg) is 1’. A. == 123° i. 4° (l~uta 1990). ~JroIIl  tllc  ~-t~alld colltilluu[[l

image, there is evidence fc)r a ri]lg of 11 1]-rcgio]ls  }vitll  illller  diaInetcr -45” (10.4 kl)c),

}vhosc oricntatioIl  is consistent  again  lvitll l,]lat  o f  tllc iIlller  t~ar. ‘1’lIe bars aIld tllc  riIlgs

sho~v evidence for  star  forl[latioIl  according) to \\ Tozrliak et al. ( 1995), ~Y}lo fou[ld  si[ni]al

s t r u c t u r e s  iIl their oljtica]  cc)llti[luu]ll  ilIla~f.v+; ttlc ist,]jllotal  aIlalysis  j~clforlllcd  l)) l’ridli

et al. (19!36) OII IIcavll{  ilIlages of  this  galaxj’  agrees  quite  tvcll Ivitll our r e su l t s .  ‘1’hc ~la

g I o u I l d - b a s e d  iInagm  obt:tillccl hy l’oggc (19S9) aIId Stc)rclli-l;crgl]laIil]  et al. (1996)  slIo\v

the 11 ]1 xegioIls o f  t h e  iIlllcr  ring  coIlgrcgatillg  at tllc eIld of  tllc il]llcr Lar. ‘I’l Ic’ lIct iIllag~’

of the IILIClCLlS  appears to k rat}~er asylnll]etric  and cxtellded along  the major axis of tlie

ga laxy  P.A. = 125” (l) OggI;e  19S9), ~vitl~ a dialllctcr of 10” ,  aIId lvlIosc  orieIltatioll  aIId size

ZII’C  COll  SIStCIlt  ~~lt]l  t]10.SG Of tll C II LIC] (’211’ hill .SC’C’11 III OL1l’ lIllag CS.

‘l)llc 1’. A. for tllc  3“ isol)l)otc  ill tilt J, 1/ a]l(l Ii l~a]lds are sil]lilar  (102° - 1120),  l~~lt



coincide Jvith the P.A. of neither bar. ‘lllIC sIllall-apcrtllre  J  –  11 a[)d }1 –  1{ colors (SCC

‘1’ables  2 ancl 3) of this galaxy seem  to h silnilar to those of elliptical or spiral galaxies

with no signs of activity (SCC the Stucly of tlIe near-]]{ colors  for g:~laxies  of dif~ercIlt

IllOr~hO]OgiG?Ll  ty~CS iIl t h e  ~0111 ZL ~lLIStel  1)~ ~aVaZZi , & ‘1’riIlchieri  19S9),  ~vhereas tllc

1{ – 1.’ color, although redder than that of a normal  spiral galaxy, is Inuch  less red  thatl the

colors shown by other %yfert  2 galaxies iIl our saIIlplc. ‘1’hc J – 11, 1/ – 1{ and 1{ -- 1,’

annLllar  colors resemble those of a spiral galaxy. It is also noticeable that the Ilear-11{  colors

do not sho~v  large chaIlgm  }vitll  il]crcasillg  alwrtLlrc  size.

A’GC 3393

NGC 3393 k a S]]ab galaxy, the s]~iral  arlns  of wllic]l  f o r m  aII almost  coIlll)lctc  ring.  ‘J’hc

J-bancl  image l“JrcwIltcd  in ]“igLlrc  ]g dots not cover t]lc fLl]l extent of the galaxy (the tlvo

bright  objects located N\V of tl]c ce[ltm  of tllc galaxy arc stars accotdi[kg  to ‘1’sl’ctaIloI”  &

Pctrosiall  1995). ‘1’lIc fail]t ou te r  sljiral  arIIls CaII be SCCII  in tllc J-b:illcl  illlage.  ‘1’he J - b a n d

IIlodcl-cliviclcd  image (1’igLlrc S) traces tllc  stellar bar alol]g 1’..4. e 160°-16.5°. A IluIIlbeI

of 1111 regions are seeII  at tllc  end of tlkc bar, Yvit}l  posit ioIls i[l good agreclnellt  Jvith those

foLlncl in ‘1’svetanov &L l]ctrosian>s  image. ‘1’lIc innermost rcgioIls  of tllc  Inodel-dividd  ilIlagc

d i s p l a y  an  LIIIIGOl\d cclltral str Llcturc  togctllcr  ~vitll  a linear struct(lrc  (l)cIllal~s a fai Ilt

bar)  iIi 1’. A. N 145° – 150°. ‘1’lic l)rcseIIcc of tllc  oLltcr bar ca[l bc illfcrrcd  froln  the vari~itioll

o f  t h e  elli])ticit~”  and l).!!.  as a fLlllctioll  of tlIc distallcc  frolll tllc  lluclc~[s (1’’i~Llrc  4g). ‘I’l Ic

high-resolution 11S’7’ [0 Ill] A.5007  cI1lissioll  lillc ilnage of tliis galax)’  (Sclllllitt  & KiIllley

1996) reveals S-slIapcxl clllissioll  extending  .5” aloIIg l}. A. =- 55°. ‘J’llc  elllission  extcllds oler

1’.’S oIl eitllcr side of tllc  IILIcleus, rougll]y  I;-\\T,  and tllcIl curies totvards  tllc  N and S, ill tllc

same SCIISC  as tile s]~iral  arlns.

‘1’hc J ,  11 aIld A-barld  :3” iso])llote  l’. ~\. arc 160°, 149° and  142° rcsl~cctive]y,  rouglIlj

])erl)clldicLllar  to tllc  oritlltatioIl  of tlIt’ [() 111]  A,5007  clllissic)ll. NG(: 3:393  S11OIYS  Ilcal-11{



colors which resemble tllosc  of IIorlna] s]~iral  galaxies or uIIrddeIIccl  starbursts,  lvitll IIC)

evidence for dust  emission or a large  amount of exti IlctioIl,  cveIl for the sInallcst aperture.

JVe did not observe this galaxj at 1,’, bu t ,  l]oissoIl  & I)urrct  (19S6) did and found  that

the near-IR emission is clominatd  by stellar emission, \vitll ILO excess  eInission  ol”cr  tllcir

I.-band stellar template.

iVGC .@53

NGC 42753 (hIrk 766) is a barred S1\a galaxy Jvitll  o]~tica] overal l  orieI]tatiol]  I’. A. == 69°

(hlacl<cmty  1990). ]I,dd, tl~c J-lxt[,d  ]nodcl-dividd  i m a g e  (see l}i~,,rc 9, also see,,  i,, tllc

direct image, l“igure  1 i) clearly i[ldicates  tl]c  presence of a I jar  (i.e., ]Jositive  galaxy lninus

moclcl residuals) at l’. A. ~ 110°, w])ich lnay be coInlJard ~i’itll  tl~e }). A. m 60° of tile  OLIt CI

isophotes.  The bar rcaclIcs  7“ (2.7 kpc) to the S1~ and 9“ (3.4 kpc)  to the NtY,  ill g o o d

agrcmnent  with the size derivcxl  by Mel, eod & l{ielie.  (19!3.5). ‘J’his  galaxy also appears to

lla~’c an asymIlletric  arIII 011 its Ilortllcrli  side ~vllicll  is }vcll  tracccl  l)J tltc lnodel-dil’idcd

iInage:  and a riIlg-like structure exteIldi  I]S to tile  h’]’; , s]’; and JV. ‘1’11(?  [() 111] A!5007

morphology (Nlulchacy,  \\]ilsoll ,  &  ‘llSVetaIIC)k’ 1 996) sho~vs a  c o r e  cloIlgatd  I;-\\’ lvitll

f a i n t e r  extensiorls  in tllc  AT\\’-S};  dircctioll. ‘1’lIc 110 liIlc-elnissioll  cxllibits  a ]Jlulne-like

s t r u c t u r e  t o  the II ivitll  lillc-ratios  ~vcll dc.scribd  by 11 II rc.gion Inodcls  (C;OIIZ~lCZ-I)Cl~~ic10

& 1’6N2Z 1996). ‘J’lle  lligll e x c i t a t i o n  g a s  forms  a \~-sllal)cd  Inorp]lology  to tile  S1’; of tllc

II II C]CUS (in l). A. x 120° aII({ cxte]ldillg  for S“), }vit]l a tYcaker  N\\’ cxtt’l~sic)Il.  ‘J’l Ic ]).~~.  of

the [0 1]1] A5007 aIld 110 cnlissiolls  arc 112° 1 996),  Iesl)cct  iJely,aIId 107° (hlulcl  Iacy et al.

iIl good agreelllcllt Jtfitll  tlie  direction of tile  stellar bar. ‘1’IIc  l). A. cjf the ;3” isopllotcs  ill .1,

11 atid  1{ bancl arc 102 – 114°, oriclltatioIls  si[ililar  to tllosc  of tl]c bar and ]mssible  co l i c .

ATGC 436’8



19SS; Corbin,  IIaldwin I!! \VilsoIl 19SS). ‘1’ILc IIcY+[N 11] image highlights 11 [1 regio~is in

the clis!i  of the g;alaxy. ‘1’he [0 111] Moo’i  ill”lagc, however ,  sllofvs a coIlical  sllalje  aloIIg

P.A. = 35° extcncliI\g  a]~proximately  40” (3.3 kpc) N]] and  20” (1.6 kpc)  SJV of the IIUCICUS.

Poggc  (19SS) argues that the [0 [Ii] A5007 clIlitting  gas is likely  to be either pllotoionizcd

by a nuclear continuum or sl)ock ionized.

On large scales our J arid K-band  model-clivided i]nages  clearly trace the 11 II regions

in the spiral arms of this galaxy (I)ositive  residuals in IJigure  10). In adclitioIl,  another

t~vo structures outliIlccl by positive rcsidua]s  CaII be seen, tile first exter[di[lg  at least 1 6 ”

(1.31q)c)  along 1’.A. H 45° , and  tile  second  a])))roximatcly  12” (1 kpc) along  l). A. N 22S0.

A’GC 5252

NGC 5252  is a SO galaxy classified as a %vfcrt  1.5-1.9, i~’ith a large-scale ionization  bi-collc

(lac]hunter  & ‘1’svctatlov  19S9). ‘J’llc  c~veral]  galaxy orientatioIl  i s  at 1’.A. == 15° both ill tllr

near-IR ( s e e  F’igure 41{) and ill tllc  ol)tical  (1’ricto  & I$rcudling 1996). ‘I’l Ic ./ and Z{-t)alld

moclel-clividecl images (not SlIOJVII  lIeIc) clearly tram t}le stellar disk  at tl]is l~osition  angle.

~’he innermost regions of tile  IIlo(lcl-clil’iclt:cl  ilnagcs  reveal tllc  pIcwIIce of a liIicar  structuw

(also seen in the J – 1; color lnap, not slIo~vII  hem) eloIlgatd  iIl tile  l;-lV  directioI~ a n d

unresolved in tile NT-S direction ~vitll al I cxteIlsioIl  & 3“ (2 kl)c).  liotilail]eI]  .V l)rieto  (199.5)

found a similar structure in their IIcar-11{ to o])tical  color Illal)s. Although tile  red linear

feature sewn in tile N(;(; 52.52 color  ma]) is ma], lvc I)clici’c  i t  i s  not a resu]t  c~f actua]

structure ill the galaxy, Ijut ratlicr reflects ttle  collll~inatiol]  c)f tl)c }Iigli  axial ratio of tllc

stel lar  c]istributioll,  and tllc  l)rvscJIlcc  of a bright  un reso lved  IIuclcar  sc)urce  at 1~”. ‘I’l Ic

nuclear source (Jvhicll  is presumably trallslllittcd  radiatioIl frolll tile Seyfcrt 1 II UCICUS)

contr ibutes w 35% of tlIc peak f]ux at K aIId thercfotc produces a II IUCII rddcr  J – K color

at the nucleus. Along tllc major axis of tlIc  galaxy, tllc surface t~rigtltIless c)f tile stellar

coml)oncnt  drol)s  slo~vly,  aIId so tile  led lIUCICUS lIas little effect  011 tllc  oi’crall  color bcyol Id
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the seeing disk. Along the miller axis, lIo\vcvcr, the stellar surface brightness decreases

much more rapidly, so the nucleus has all effect oII tile color over a greater clista Ilce, t}]ereby

producing an elongated feature in tlIc color Inap. ‘1’his  iIlterpretatioIl  is consistent \Yith tl]c

fact that this feature is mom closely aligIled  perpendicular to the major axis of tlIe galaxy

than to the ionization cone.  III addition, sciLli Ilg the ~ iInage  to matcli the A’ iIllage  ill a

circumnuclear annul us, and then subtracting it, reveals only a nuclear ~joilit  source, aI~d lIo

I>W structure.

4. DISCUSSION

III general  we do Ilot fiIld alky clear trend betlvcml  t

that of the lR continuu[n  structures Ilear tllc  cclltcr of t

IC oriclltatioll of the l;l{;l,l{s aIld

lC galaxies. llcnvever,  we C1O fiILd

bars or ‘(bars  within bars” in five out of t}le t~vclvc galaxies studied Ilc’rc, lvith  tlvo galaxies

(NGC 2992 and NGC 43SS) too inclined  to dctxxt a bar. It Ilas bccll  argued that bars

might  be responsible for transl)orti[lg  gas to tlie  nuclei of galaxies. (:odes modcliIlg  tllc’  gas

f low irl and arouI)d  bars (see AtlIa  IIassoula 1991 for a rcvicJv)  slIo\v that both the axial  ratio

and the strength of tllc  bar influence  tllc forlll of tile slIock loci: tvcak bars  }Iat’c curi’cd

shock  frO1lts,  with their col]cavc  ])art  to~varcls  tllc  bar Inajor  axis, lvllile strollg  bars l)rod(lcc

straight fronts. A s  n o t e d  by Atllanassou]a  (1994) it al)l)cars  tliat the Illost prolnisil]g

Inecllanism for pushing gas to tllc  cc[lter  of tllc  galaxy is that of “bars Jvithin bars”. ‘1’llc

numerical simulations of tllc  forlnatiol~  of double bars in galaxies carried out IJJT l“ried]i  &-

fi’lartinet  (1993) SIIOIS t]]at i t  i s  ]jossiblc  to forlll ttvc)  bars silllllltaIlf’oLlsly,  togct}lcr  ~vitli a

gaseous ring  and Cvclltua]  dissolution of tile  ilillcr bar, 01 tllc  forl Ilation  of a large scale

bar f irs t  and the]) a sccoIld bar, aIICl ultilllately  clissolutioll  of tile  tlvo bars. II) both cases,

~ — 1 k])c is I)redictd,  Ivith tl]c gas lmillgan increase of tllc  gas Illass }vitllill  tllc  in]lcr  O.u

compressed into a region  1 O% –- 20(X of the bar length.  l~urtllcr, tlkc gas is cxl~ccted  to scttic
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into a disk with rotation axis along  tllc  bar (e. g., IIurisell  et al. 19 S:3).  ‘1’llis  disk coLlld  thcv)

collimate both the radio cjccta and the ionizing  photons along tllc  baI (hlorris et al. 19 S:3).

If these preclictious  ale correct  we Inigllt  exlwct to see an aligllnlelit bet\veell  the illller  bar

ancl the EJ31,Rs. ‘1’he inner  bars in NG~ 10GS, hTG~ 30S1 aud hTG~ 4253 are approxilnatcly

aligned  with their l~F, I,Rs,  ~vhich SCCIIIS  to support this scenario. hlrk 5~3 and N~;~ 3393

show evidence for double bars, but the oriclltatioll  of their l;l~I,l{s seems unrelated to their

directions.

Finally by insl)ecting  ‘1’able 4, COIUIIIIIS  (7) throug]l  (9),  and ‘J’able 5, coluInu  (4),

we can explore the possibility of an aliglllilcllt  betivccn  the Cmissiol]  Iille gas and  the 11{

continuum on small scales. As nlelltiol~cd  al)ovc,  SUCII an aligli[ncllt  lIas beeII found  iII tlIe

optical (hlulchacy  & }\ ’ilsoli 1 995) for a saIII1)le  of !kyfcrt  galaxies of early tylm ivith  lvcll

defined emission line axes,  and cxlJlaillcd  as l)ossibly  due to the l)rcsellcc  of all cxtcllded

featureless contiuuulll.  Assuluiug  t}lat tllc  typical errors ill tile clctclllIillati[J1l of the l). A.

of  the [0 III] A5007  line eIuissiou are 10° (hlulcllacy & JVilsc)li ]99,5).  \vc fi]ld  t,llat tllcl’~

is alignment  bct~vecn the line e[llissioll  and tl)e llear-]1{ colltiliuutn  in four galaxies -

NGC 106S, NGC  2110, NGC 30S1 and N(; C 4253; of tllcsr, only NGC 2110 does I)ot contail~

a bar. ~’he alig]ln]cnt  found iu the near-l]{ for some  galaxies could, ill ljri!lciple,  colltradict

hlulchaey Sz \Vilson’s  ( 1995) intcrl)rctat  ion lwcause ally SUC}l  a featurclcw cent illuuln  \Yould

bc sitanlpcxl  by s tar l ight  ill tllc  IIcaI-111.  AI IIOIIg tllosc  galaxies ~vitll  a licar-]1{  aliglllllcllt,

two  o f  them (NGC 2110 aud NGC 425:3)  are in coIuInon  ivith hlulcllac~ & \\’ilsoll  (1995).

Note however that N(;C; 5252 has a silnilar  l[lajol axis l). A. ill ol)tical  slid Ileal-11{  colltillua,

b u t  tllcse clirectiolls  arc IIot ali,gllcd  Jtritll  tllc  line clllissioll. Altllougil  it is Ilot  ]jc)ssil~lc

t o  clmi~e any  gmlcral  collclusiol]s  frolll o[lr sl[]all sallll)lc  of S+yfcrt  galaxies tvitll  lI;II; I,I{s,

i t  appears that  llc~ll-axisyllllllctlic  structuws Inay  be playil~ g solllc role ill trallsportil~g

material  into the cc[ltral  rcgiolls. llot~cvt’r  tllclc i s  ]Io clear rclatiollsllil)  bctl~ccli  tllc

orientations of lmrs al)d l’:I;IJ}{s.



5. CONCI,USIONTS

11’e have carried out a near-l]{ imaging study  of a sanlplr  of type 1.5 - type 2 Seyfcrt

galaxies with EIJI,Rs, inclucling’ some of the lJcst  studied examples  of their class. ‘J’lle good

observing c.onclitions togctllcr  \vitll the small pixel size used  nave allcj~ved  us to ot~tai Il

h igh-quali ty images,  lvhicll have bcml analyzed iI~ detail iIl order  to gain  illsigllt  iIlto tllc

structure of the inIler  aIld circur  II II Llclear  rcgioIIs of tl]e galaxies. 111 addition  to standard

s y n t h e t i c  apdure  ljhotoIlletry  (i. e., I)crfoI IIlcd \;’itll fixed al)cctures  in arcsccoIids),  \Ye

have also obtained the llear-11{  colors  of rcgiolis  with lillcar cliamctcrs of 0.5 aIIcl 1 kl)c,

along  tvith  au anllu]us  lJct\vccIl  tllcse  s i zes . l)rcvious  stLldics  o f  tllc Ilcar-11{ pro~)ertics

of %yfert  ga lax ies  lIa\~c SI1OIYII  tliat tile  J - 11, }/ –- ]{ a]ld I\” – 1.’ cclltra]  colors  (i. e.,

in a  0.51ipc  diameter  al~ertLIrc)  am \Ycll  cxl>lailld  Ly a lnixturc  of a[l el’olvcd  stel lar

popu la t ion  plLIs a colnl)ollellt  of not dust ill elnissioll. Ilcrc \vc prol)osc  a lt~orc  real is t ic

model (ill vic~v of tllc  dusty tc)rus sccliario)  ill \vllicll  ttlc  lloll-stellar  source (liot dust \VitJl

tcnlpclature  7’ :Y 1200 Ii) is si,gllificallt]y  rcddc’lIc’cl (.-t v % 5- so lIIZL~),  Ivl I[:It.as  t]Ic star]  i~]Lt

is unrcclclcllccl.  ‘1’l~crc is little  c~idellcc  froll~ tllc  J - 1/ al](l }1 – A“ colc)rs  ou t s ide  0 .5  k~)c

for emission from not dust. llo~veicr,  tile  1{ – 1.’ circLlllllluclcau  (i.e., 0.5- 1 1(!)c aIIIILI!LIS)

colors  of sc)lnc  of tllc  galaxies in our sallll)lc  do sllo~v  so]l)c illdicatic)ll of not dust elnissioll,

a l though i ts  co]]trj}]utiol) is smaller  tllal~  ill tllc  IILICICLIS. \\’c’  al’~LIC’ that tliis  cxt  I’aIluclcal’

]Iot dust is heated by youl]g  stars.

‘J’lle  1,’-ba]ld illlagiliS  has allo~vd  us  to qua~ltify  tll(’ cxtellsioll  of  tllc elnissioll  at this

Ivavclcngtli,  \vllicll  slio~~s lJO(I1 all ullrcsc)lvcd  a u d  all cxtcll(led  collll)ollc[it.  \\’c lla~’c a l s o

found  that tllc  ullrcsolvcd  soutm of tllc  clnissioll  accounts for lx>ttvcc[l  26% and IOOXI C)f tlic

cvnission at l,’ l.)all(l.
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for isophotal  cleviatiolls  from elliptical sylnmetry,  such as bars, spiral arlns  ancl dust bans.

l’he structures found in the Inodel  cliviclcd  images have been comparecl  ~vith the orientations

of the F, ELRs, galaxy clisli  and radio sources. \\Tc have foLlnd stcl]ar bars in N[;~ 106S and

NGC 4253, and evidence for double  bars (or “bars within bars”) in hlrli  573, NGC 30S1

and NTG~ 3393. The orientation of the inner bars of NTG(l 106S, NTGC 30S1 and NGC 4253

is approximately aligned with that of their E}~JI,Rs,  but in h4rk 573 and hTGC 3393 the bars

and the EE1.Rs  are not aligned (contrary to the conclusion of Axon & ]{obinson  1996). Our

results suggest that there is no silnp]e  rclat, ionsllip  bct~vem  bars and I~l;I,l{s.
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. . . . . . . . . . ,
‘1’ZltJ]C 1. ‘1’llC! s a m p l e .

— . — .— . — .

G a l a x y lt..A. I)CC ‘%1 c lass hlorl)llological

[1]1950] [H1950] [kms-’] ‘1’ype

(1) (2) (3) (4) (5) (6)

hfrk 348

hlrk 573

NGC 1068

NGC 2110

NGC 2992

NGC 3081

NGC 3393

N(; C 4151

NGC 4253

N(;C 43s8’

NGC 52’52

illrk 463\V

h[rk 463E

004601.9  +31 4104.1

0141 22.9 + 0 2 0 5 5 6 , 3

024007’.1 –00 1331,5

054946.4 –07 2s 01.9

094317.7 –14 0542.8

095710.0 –2”2 35 10.2

104600.0 –24 5348.0

120s 01.1 +3941 01.8

12 1555.6 +30 0.525.6

1’223 14.6 +12 56 17.4

133.54’1. -4 +-01 4747.1

135339.6 + 183656.5

1 3 5 3 3 9 . 9  + 1836  57,!)

4540

5174

1136

22s’1

2314

2394

4107

12s1

3876

~Jji~

(jS!)o

1.5113

15113

SJ’ 2

Sy 2

SJ’ ‘2

Sy 2

Sy 2

Sy 2

Sy 2

Sy 1..5

Sy 1.5

Sy 2

Sy 1.9

S.A(s)O/a

(lL)SAll(rs)O

(l{) S.A(rs)l>

s.iIlo

Sa [)ec

(l{~)S.\}\(r)O/a

(li)sll(s)al,

(1{ ’) S.411(rs)ab

(R’)sl](s)a

S.A(S)l,

Su

Sy 1.9

“l’llrougl]out  this pal)cr NTC;C 43S8 is assullld to be located at tllc dista]lce

Storle, }Vilson  & ~~’ard  19S8),  d = 17.1 AII,c  (I;rmd[ltall  et al. 1994).

1995 Jan Jlllil’)

(c’,:.,

hTote. -  Ik]uatorial  ccmrdi[latcsl  vclocitics, Scyfcrt cl:iss  slid ]Ilorl)llological  tylws Ilave I)ccll ot.~taillml
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‘1’able 2. Sylltlletic a~jcrture  near-l]{ pl)otolnetrJ.

_—— ——. .—— _—-— —

Galaxy ti,,~ [S] Ap. l)ianl. [“] J–11

(1) _ (2) (:3)
————— ——.———.——.—..—.

Mrli 348 J 360 3

11360 (i

r; 360 9

I,’ 1055 ]2J

15

h’lrk .573 J  360 3

11360 6

1< 3(io 9

1.’1 Ii’(i ]~

15

:30

NGC 106s J 3 6 0

I] 360

1; 360

1,’.5.’1:3

(4)

0.s0

0.75

0.73

0.71

0.70

0.6s

0.6s

0.66

0.66

0.66

0.61

1.15

1.00

o{)~

0.s6

0.s5

0.s0

II – 1<

(!5)

0.55

0.44

0.42

0.43

0.4’1

0.49

0.40

0.37

0.36

0.3.5

0.3;

1.10

0.ss

0.7.5

0.6s

0.[;1

0.4s

— —— —.

A’ – 1/’ A’

(6)

1.67

. . .

. . .

. . .

. . .

1.64

. . .

. . .

. . .

. . .

3.70

3.36

3.10

2,93

. . .

. . .

(7)

12.17

11.62

11.:31

11.09

log:j

11.7s

11.1s

10.93

10.76

10.6:3

10.29

s.]]

?.(i;

7.:36

7.16

-i. oo

6.5( I



Galaxy ti,,~ [S] Al). l)ialn. [“]

(1) (q (3)
———

NGC 2110 J 360 (360) 1.5

11360 (300) 3

1( 360 (300) 6

1,’ 1 l’i(; (J

]~

15

30

NGC 2!3!32 J  360 (360)

11:360 (:300)

A’ 360 (:300)

I,’ 1176

N(;C 30s1 J300 (360)

If 300 (:300)

1( 300 (300)

1,’1 l’i6

1.5

3

6

(J

]~

15

30

J–11

(4)

0.93

0.s4

0.s.5

0.s1

().s-4

0.s4

0.s4

0.s4

0.s0

0.s3

().s3

(). s2

0.s1

0.7s

O.i”l

0.72

0.66

O.(L5

0.63

0.6:3

0.62

II – 1{

(5)

1.00

0.76

0.54

0.47

0.-12

0.40

0.3:3

0..55

0.61

0.51

0.47

0.-15

0.44

0.42

O:jg

o.3~

0.2s

o~~

().~q

o~;]

0.’20

A’ – I,’

(6)

. . .

1.,52

1.10

. . .

. . .

. . .

. . .

. . .

Of)(j

0.7:3

0.66

. . .

. . .

. . .

. . .

0.93

0.56

. . .

. . .

. . .

. . .

1<

(T)

11.37

10,60

9.s6

9.4s

9.2-1

g.-j(j

S.61

12.02

10,{];

10.19

!). $2

:).,x

9.41

~.$)~

12.s:1

11.79

10. s9

10.4.5

10.11

() 06.

\),,r)f)



. . .

Galaxy ii,,, [S]

(1) (q

N(;C 3393 J360 (360)

11360 (300)

1; 360 (:300)

IX(;C 4151 J  360

11360

1; 3(i(l

I,’ 5.4:3

NGC 4253 .):300 (:360)

11300 (300)

1{ 300 (300)

AIJ. l)ialn.  [“]

(3)

1.5

3

(i

{]

J --11

(4)

0.76

0.66

0.66

O.(id

O.(i’l

0.64

0.60

0.97

0:)()

O.S(i

0.s:3

0.s1

0.73

1.13

] ,o~

Og]

0.s5

0.s0

0.77

0.67

o+f):3

().s:3

0.77

0.73

0,69

0.62

. . .

. . .

. . .

1.ss

1.s1

1.s1

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

1;

(7)

12.60

11.51

lo. ?’i

10..’l.:)

]().2:]

10.07

9.61

8.(M

S.fl,t

S.3:3

S.2-1

S.17

~,f)()

10.7.’1

10.10

10.13

10.01

$).():’

:). s6

9. (i.Ij
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Table3.  hTcar-ll{ colors fortllc O.5 a])d l-k~~cc lialllctcra ))elt~lles,  a n d

tl)c! 0.5– lkpc  a~l[lllllls.

-— ——. —..——.

Galaxy

(1)

M1’k 3’1s

hlrk 57:3

N(;C 106s

NGC! 2110

NGC 2992

NGC 30s1

N(; (! 3393

Ap. l)iaIn.  [“]

(q

1.16

2.33

allll

].-j~

2.0’1

alill

4.5,5

{]. ]()

allll

‘) ‘ITu.-

4.,5,5

allll

~,~:

4.5,5

allll

2.17

.4.35

all]l

] ,~~

2.Ml

iillll

0.92+0.10

0.s3+0 .10

0.77+.0.10

O.663.O.1O

0.694-0.10

0.7030.10

1.063.0.10

0.973:0.10

0.7s3 0.10

O. S23O.1O

0,s5:1 0.10

0.s7+0.10

().’/s+0.10

0. S!4-O.10

0.s.54 0.10

O.74*O.1O

0.7040.10

0.6s:1 0.10

0.66+().10

0.66+0.10

0.66:{ 0.10

0.’77+0.0:)

0.61+0.09

0.4s3 0.09

o.6’i’+:o.09

0.5’53,0.09

0.49+0.09

0.!32+0.09

0.74+0.09

0.-424-0.09

O.s’ii 0.09

0.624-0.0{)

0.4330.09

0.s24,0.09

0.$5+0.09

0.-46+0.09

0.:3’’1:1 0.()!)

o~{)+oy)

0.26+0.09

0.:315:0.09

0.2930.09

0,2s+ 0.0!)

I .97+0  .09

1.773,0.09

1.55,! 0.11

2.403:0.09

1.9240.09

1.51:1.0.09

:3.51+0.09

:3.10+0.09

1.213.0.10

1 .(i’l+o. o!l

1.2s3 0.09

().s34 0.11

1.0240.10

0.s240.1:3

0.594-0.15

1.1040.11

o.i’1 30.13

0.3630.20

. . .

. . .

. .
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‘l’able 4. Fractions of  tllc PSII’ coIltribution  iIi the 1,’-tJarIcl }vithill a 3“ diametc:r  al)crturc

and withi  Il the 1.’ sLlrfacc brigl~tlless  liInit, l)ositioIl  ang]cs  of t]ie Inajor  axes  of the J, 1]

and 1{ band images arc also give for a 5“ (1995 Jan data) and 3“ (1996 IIec  data) dialncter

cllilm.

—

Galaxy

(1)

hlrk 34Sa

hlrk 573a

NGC 106S’

NGC 2110~
N(; C 2992t’

NGC 3oslb

N(;C 3393”

NGC 4151a

N(;C 425:31’

N(;C 4:3ss~

NGC 5252L

hlrli  463Ea
——. —

F’\Vl  I hl

[“1
(~)

Og.1

0.9-1
1,10
1.10
1.10
l.(i’i
. . .

1.10
. . .

1.06
0.94
0.94

f3 I’,,,ax

[%] [“1
(3) (4)

(J1

85

1 m
45

4:3

9:3

. . .

100

. . .

100

91

N

2.6

90

7.5

2.9

G.5

3.5

. . .

4.:3

. . .

~.g

2.6

2,0

I.:,,r, P. A.(J)

[*,,Zig] [01
(6) (7)

10.7 yJ-+- ~

](),~ S931

4.5 463-7

9.7 1744::3

11.0 3s + 4

10.6 10’2 +: 5

. . . 160 + 4

6.6 i o “3 7

. . . ](j~j ]~

{).5 76 + 1

11.1 1s+2

s.~ . . .
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‘J’al)le5. Nea l - I l{ ,o ] j t i ca l  atld radio  ]jositioll  ang]cs.

_. —.—_—— — —-—

Galaxy

(1)

hlrk 348

hlrk 573

hTGC 1068

NGC 2110

NGC 2992

NGC 3081

N(;C 3393

Nc:c 4151

A’(; C 4253

NGC 438s

NGC 5252

hlrk  4(331;
———

I’.A.

Ill

[01
(2)

1’.A.

o p t

[01

(3)

0-10

47-55

166

23

71

161-167

[jO

95

15

~~

111

170- 1{)0

S(J

160-1(;6

. . .

123

. . .

py

~ g

90

15

.

—— __— — ..—

I’.A. P.A. Iteferc[Lces

[0111] }taclio

[01 [01
(4) (5) (6)

170 170 1,12,13

1 QO 118 2,2,14

35 33 3,4,14

157 1 5,6,15

–67” –20 -,7,15

125* . . . 8,1,-

55 55 -,4,16

~~ 92 9,4,15

102 16 10,6,17

35 26 11,11,14

1 –15 1,6,14

1s5 7(i -,4,17

-.

Structure

(7)

IL: 90°

11: 85~, }1: 0°

11: 4i’”

It (ullresolvd)

1;:35°

1~: lli”, I\: 71°

11: 145”?, 11: lG(Jio

1{ (ul]resolved)

11: los~

,..

Ii: !)U”

Note. - Colullllls  (2)  atld (3) :  orictltatiotl  of tllc outer  ~iil[lX~ iso[,llotcs ill tlic 11{ (J Land) and ol)tit:al.

Columns (4) and (5): l).  A. for tllc [0 III] a[ld radio elllissiolls. All asterisk  (-) mea[is that ttic oricl~tatiot~ for

tile }Ia-}[h’  I[]AA654S,65S;I  is gi~ctt. Colu[ittt (6): wfcrc)tces. (ldutntl (7): structures (and tlieir  oriclltatiolls)

see]] i]] the ~]car- 11{ I[loclcl-clli’lcl(’cl  llllag,~s. I{=cclltral  red structure, ll=stf:llar bar

ernissio; l.

lkferences  for optical clata- . 1 .  hllll~llacy et al. 1996; 2. I’ogge  &  lkliot~crtis

1987; 4. Schnlitt & Killlley 1996; 5. \Vilsoll et a l . 19S5; 6. Nlulcllary & lVilsoil

o r  disk, lt=.-structllrc ill

1995; 3. I)ald!virl ct al.

1995; 7. Colt)crt et a l .

1996; 8. Iluta 1 9 9 0 ;  9 .  I’dlar ct al. 1992; 10. hlaclie[lty  1990; 11. I’ogge  19sS; 12, Sir[i{,so]t  et a l .  19!)(j.

l{efcrences  f o r  r a d i o  d a t a -  13, Ncff & dcllruyll 1983; 1 4 .  \\’il.solI  & ‘1’si’cta)lov 1991; 15. Ulvcstad  .(

\YiIso~l 19S4L; 16. [k)ok~ e t  a l .  1997; 17. Ulvestad & }Vilsoll 19.SZl:i.
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FigLlre Captions

Fig. 1---- (a) hlrk 34s. Contour plots on a logarithmic scale of tllc J and 1,’ band ill~ages of

the sample of Seyfert galaxies okrved d~lring the 1995 Jan rLIJ1. IXortll is LIp and cast is to

the left. Note that the 64 X 64 pixel 1,’- ba[id images have bccII plottrd at tile sal)lc scal~,

as the J-band images. ‘J’hc lotvcst level displayed in tllc J-bancl co]lto~lr plot is 21.:39 nla:

arcscc-z , allcl sLlcccssivc  contollrs  are scl~aratcd  by 0.75 Inag arcscc - 2 .  ‘1’he low’cst lc\’cl

clisplayccl in the 1.’-l~and  collto~lr plot is 14.62 ]Ilag ar~s@c-2 , and sllccessive conto[lrs  arr

-2s e p a r a t e d  by 0.’i’.5  n~ag arcsec .

Fig. 1--- (h) hlrk 57:3. ‘J’}lc lo!sest level disljlayd  ill the J-t~alld  colltour  IJ]ot is  21 .?!) tl)a~

arcsec-2 , alld  SLICCCS$i  VC’ COllt OL1l’S a r c  SCpal”atC’Cl  by ().75 lllag  aL’CSCT-z. ‘1’hc ]OJVCSt ]Pt’Cl

displayed in the l.’-band  contour ])lot  is 14.S~ l~lag arcsec-2 , and successive contours  alc

-2separated by 0.75 lnag arcscc .

F’i.ej. 1 . -  ( c )  h’(;~~  10(iS. ‘1’]Ic ]olvc’st  lc\’el disl)laycd  il] the J-band co[ltour  p]Ot is 17.1S II~ag

arcscc-”2, a n d  successit’e  con tour s  are scparatd  hy 0.40 mag arcsec-’. ‘1’hc Io\vcst  Icl’(’l

clisplaycd  ill tllc  ~,’-l~al~(l  contour  l)lot i s  1 3.0S r[]ag arcscc –2 , and succ(’ssi\’c co Iltouls  aI’c

separated by 0.7.5 ma: arcscc-~.

F i g .  1.- (d )  ATG(; 2110. ‘I1l IC lo~vcst  Ic\’cl  disl)laycd  ill tile  J-l)and colltoLlr  l~lot is 1$1.9.5  lIlag,

arcsm-2 , and successive contours  aIc S(q)amtd  by 0.,50 Inag  al’csec - 2 .  ‘1’llc lc)ivcst  ]Cv(’1

clisplayccl  in tlie  1,’-1MIIc1  contour  p lo t  i s  14.10 Inag  arcscc-2, and  succwsii’e contours arc

–2scparatccl LJ’ O.(j O IIlag arcscc .

Fig. 1--- (e) NGC ?992. ‘1’lie lo}vt’st  lcicl disljlaycd  i[l tile J-l)a]lcl c(~l)toL]r  })lot is 20.:3S  lllax

arcscc-2, and successive contours arc scl~aratcd  ljy 0..50 Illag arcscc - 2 .  ‘llllC IOwc’st  1( ’\’cl

clisplayecl  ill the 1,’- band contour l~]ot is ‘1-4<76 Inag  arcscc-2, and  successive colitours  arc

separated by 0.50 nlag arcscc-2.
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I’ig. 1--- (f) ~~~ 30S1.  “1’lIc  lo~vcst lc~cl disj)layccl ill t}lc .l-baIId  COIltOLll’ plot is 19..5:3 ]IIa~

arcscc–2, and  success ive  coIltours  are scparatcxl  by 0.40111ag  arcsec–2.  ‘I’l Ic lo;vest lCJC1

d i s p l a y e d  ill the lJ’-btLlkd  contour  l~lot is 1.5.15111ag arcsec-2 ,alld sLlcc.cssiiecolltoLlrs  arc

–2separated by 0.401 nag arcscc .

Fig.  1--- (g) NTG~ 3393. ‘1’lle lo~vest  level disl)layecl in the J-band collto~lr plot is 20.21 ]IIag,

arcscc–2, alld s[lccessivc contollrs  are sq)aratd  by 0.60 Iliag arcsec  - .
~

Fig. 1.- (h) NGC 41.51. ‘1’lIc lo~vcst  level disp]aycd  in tllc  J-l~alld  contour  plot is 18.72 lnag

arcsec–2, a n d  sllcccssiw colltoLlrs arc scl)aratd  by 0.50 Illag arcsec-z. ‘I)hc Iotvest  level

d i sp layed  iIl tllc  lj’-baIld  contour  plot is 12.96 ll~ag arcsec-2 , aIId successi~’e contours arc

–2s e p a r a t e d  by 0.’75 nlag arcscc .

l“ig.  1--- (i) NTGC 4253. ‘1’lIe  lo~vcst lei’cl displayed in tllc ~-hallcl conto[lr  ~)lot is 1!3.10 Illag

a~csec ‘2, and succcssi J’c  co IItou Ix are sc]~aratcd by 0 .60 II Ia,g aIcsec-2.

1+’ig. 1.- ( j )  NGC 4:3SS. ‘1’1)(’ lo\vest lf:icl disl)laycd  ill tile J-l)alicl contour I)lot  i s  20 .  SS IIla&

–2arcscx ,  and successive co]ltours  a r c  scI)aratcd Ly 0.50111ag  arcsec-2. ‘1’lle lolvcst lc’\’cl

clisplayd ill tllc l.’- band  contour  l)lot i s  14.91 lllag arcscc–z ,  and suc(cssive  col~tours  arf

scparakd  by 0.f50  lllag arcscc-2.

IJig. 1.-  (k) NG(; 5252. ‘1’lIc lolvcst level disl~layd  ill tllc  j-lmIId  contour  l~lot is 21.16 IIIag

– 2arcsec , a n d  succcwsi~’e  contours  arc sel)alatcd  by 0 . 6 0  IIIag arcscc  - 2 .  ‘1’IIc  lmvest leicl

clisplayecl  ill t i le  ]J’-ba]ld contour  l)lot  is 1.4.5.5 IIIag arcscc-2 , and  succrssivc  colltours  a r c

separated by 0.75 nlag arcscc-2.

F’ig. 1.-  (1) Mrli 4&31 J+\\’<  ‘1’IIc loivcst lVVC1  d i s p l a y e d  ill tllc  J-lmncl  contour  ]~lot  is

21.72 mag arcsec–2 , and succmsivc CO IIt OLIIX arc scl~aratcd  by 0.60 IIlaS,  arcsec-” 2. ‘1’lle lofvcst

lc\’cl  clisplaycd  ill tllc  1,’-l.)and  Col]toul’  plot is 14.17 Illag ZH”CSCC-2, and sLlcccssiic  cc)lltours

-2a r e  sq)arated  1~)” 0.75 l])a: arcscc  .



l’ig. 2--- (a)  and (b) J –- II VCISUS II – /{ alld 11 – IL’ versus K – 1,’ d iagrams .  OIMtI

and filled circles are tile  0.5 and 1 kpc-aperture colors  respectively, wllilc  stzLr-like sJ’InlJols

represent the circulnnuclcar  (0.5 — 1 kl~c-all]iulus)  colors. h]aximu!n errors (~v}lich al}p]y t o

the annular colors) arc plottecl  in tile  lo~vcr right part of the diagranls:  A(J – 11) = 0.13,

A(}1  - K) = 0.12 and  A(K –  1,’) = 0.12111ag. SccI text for a detailccl  explanation of tl~c

mixing cLlrves and otllcr syllll>ols.

F’ig. 2-- (c) aIld (d) J – }/ versus 1/ – A’ arid }1 – 1{ versLIs 1{ – J,’ diagrams sl)cJJvillg  tllc

Cffccts  of cliffmerltia] Cxtillctioll  bettvecl]  tl)c s tars  (LII]rmldcned) arid tllc  hc)t dust  e]nissioll

(reddened by Al == O --40 n]ag). ‘1’hd IIuIIIl~crs  Ilcxt to tile  cLlrles iItdicate t}le ratio of tlIc

dust  emission to tllc galaxy cll]issiol] (+”;),,,, ). See text for details.

F’ig. 3---- Sllrface Lriglltllcss profiles (ill ]]lag arcscc ‘ 2) i*\ tllc 1.’ ba~,d for fo~lr galaxiw of tl[c

satnplco ‘1’lle squares rcl)rc’scllt tllc oljs(’rv[d galaxy data points \vitll  tllcir associatd errors.

‘1’hc  star-like sylnl~ols  are data l)c)illts  for tllc  l)S1’ IJriglltlless  profile conll)utcd frolI] tllc

standard star  obser~’cd sllortlj  l~eforc or af~er tlic  galaxy , arid scald to nlatcll  tl)e ccl)! ra]

brightness of tllc galaxy. ‘1’llc data IJoil]t  sl):{cirlg  corrcsl)oIlds  to tile JJixel  size of tllc  i]llag(s.

i.e., (K’2S6 pixel-l. ‘1’lic  dasllml lirlc is a Gilussiall  fullctioll  fit to tlic stellar profile.

k’ig. 4.- SLlrfacc  brightness  ljrofile,  ellil)t icity  slid  IIlajor  axis I’. A. (slid tl,cir corrcs~,ol,di]l~

errors)  as a fu[lctiolk of tllc scllli-lllajor axis of tl]c fitted ellilm ill tile  J Ijalic[  for each

galaxy ill o u r  saI]Il)lc cxc(l)t Llrk  .’16:3.  \\;l LCIL tile  galaxy f~as oljserlcd  during  botl~  r([[ls, for

the  e]]ipticit,y  and ]’. f\. lv(’ ])l(Jt  tllc  ]{)f)~ Jal I data iis filled sqliarc’s, a n d  tllc 199(;  I)CC d:tta

as open  circles.

l“ig. 5.– NTGC 106S0 ‘I’l Ic black contours r(>l)rmcIlt  tllc J-llaIld i[llap)c  divided tjy a slI100111

moclcl o n  a logaritlllllic  scale. ‘1’IIcI gley scale l~~al) is the J-ljalld  continuum illlagc  011 a

]ogaritllmic  scale. ‘1’IIc  size of tile illlagc  is .40” x 40”. Note that  ill tliis  figLlre a[ld s~lcc(’ssiv(

figures,  cc) IItoLIrs  greater tllall  1 (illll)lyillg  tllc’ galaxy cll]issioll i s  brigl]t,cr  tllatl  tllc  IIlocl(l)
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arc shown as solid lines, tvlicreas co~lto[lrs  ICSS  than 1 (i IIIplyi IIg tl~e galaxy clnissioll  is

fainter than the model) are l)lottcd as claslld lirlcs. ‘1’lic  colltoLlrs rc]lreselIt difI’crellccs

bctwccm the galaxy clnission  a]ld tllc Itlodel at levels 3C%, 6%, 12% allcl 2.5%. OriclLtatiol[

iS IIOlth 11~, CaSt tO t]le ]C’ft.  ]()” CO1’1’CS]~OIldS  tO ] . ]  k]X. ‘J’llc model-clii’idccl ilnagc  S11OJVS

an impressive bar along  1 ‘..A. = 45°, togctllm  witli  solllc  features Jvllich could  be associated

~vith dusty regions , as sup,gmtcd  by tile  sitllilarity  lvith  the ~0 Inor[)llology  (XT flg LlrC 2 ill

IIclfcr k Illitz 1995). Note also tile  ]Jrescnce  of a nunlbcr  of 1111 regions  ou dust features ill

the rillg  of star formatioll  ex~elior  to tlie  bar.

Fig. 6---- NG(l 2992. ‘1’he l)lac!i  colltours,  plotted 011 a logarithmic scale,  rcljresent tlie  result

of dividing the A’-balld  ilnagc  by a s]nooth  lIIodcl  and sll~ootlling  Jvitll a 2-ljixcl  Imxcar.  ‘1’llc

con tour s  reprcvwnt  difl’crenccs l~ct~vccll  the galaxy Clnissioll and tllc nlodcl  at lc~’cls  3%. 6(X.

1 1% and 2270. ‘lilie grcy  scale I]ial)  is tile  l;-barld  colltil]uull~ ill)age  0]] a logaritlllnic  sca le .

10” CO1’~CS~)OIldS  tt) 2.2 liJ~C. ‘J1l IC lnodcl-divided illlagc  sllotvs a Icry ccJIII~Jlex  Inorpltolog!’.

‘1’here is a structtlrc

~vith tllc galaxy clisk

trace the position of

perpendicular to tile

l’ig. 7---- NGC; 30S1.

sccll  ill c))lissioll  locat(’(1  a t  l). fl. =- 3.5°, Ivl)icll  IIIay be coIIll)a Icd

major axis ill }) .A. = 2:3°. ‘I’l Ie II)oclel-clil’iclfcl  illlage  colltouls  c lea r ly

tllc  sl)iral arll]s  ill tl]e outer rc:iolls. ‘1’here is also structure roughly

ga lac t i c  l)la[ie slid  cxtc[ldilip,  olcr 10” froln  tile  IIucleus to tllc  NJ\’.

‘1’lic l~lack  contours, I)lottcd  011 a logarithmic scale. rcprcsellt tllc  result

o f  divicling  the ~-l~alld illlagc  by a s]lloot]l ll]odel and sll~ootllillg Jvitll a -1-l)ixcl Ijoxcar.

“1’hc cc)ntours  re])rcwllt diflcrcllces  kti~cell  tllc galaxy  c[llissioll  atid  t i le  Inmlcl  at Ie\’els 2%1.

5C% and 15Y0.  “1’IIc grey scale IIIa]) is tll( J-ljalid  contiIluuIll  iIllagc 011 a logarithmic  scale.

lo” Corrcsporl[ls to 2.3 kj)c. ‘1’IIc  lll(~cl(l-(iii’i(l~(l illlag,~  clearly slIo}\’s tile pIeseIIcc  of tlvo

bars, a nuclear I jar elongated ill l’. A. = 1 lSO , a[Id aII illller  bar (Itrllicll  is Inore  diffuse alId

extended) in 1 ‘.A.  = ?lO. Not(> tll:~t  tll~ cllil)t ical isol)llotc  Illodel Jv;is  co[lll)lltcd  Ollt t o  a

radial distance c)f 130”. /\lso ;Ii)l)al(>]lt  ill t]l(>  gl~>}~ scale  [l)al)  i s  a [li[[’LISc  l’ill~  of 11 [1 l’t’~ioIls
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SULTOLIIICli  Ilg the iIIIlcr  bar, and a II Lllll])C’I’  of 11 II rcgiolls.

l’ig. 8---- N(;C 3393. ‘1’lle  ~~]ac]i  coI~tours, plotted on a logarithInic  scale, l’CI~t’MTlt  tll~ lCSU]t

o f  d iv id ing  the  J-bancl  image by slllooth  model and slnootlling  ~vith a 2-~Jixcl  boxcar. ‘I’l Ic

contours represent differences betwcmn the galaxy emissioIl  ancl tile IIIoclel  at levels 1 ‘Z, 3%.

5Y0, 10% and 2!0%. ‘1’he grey  scale Inap  is tile  J-band  continuutn  iIIlagc oII a logaritlll]lic

scale. The size of tile  image is 40” x 40”, 1 O“ correslJoIlds  to 4 kpc. ‘1’llc lmsitive rcsidlla]s

t r a c e  t h e  stdlar  bar ruIlllillg  N\\T-Slt  ill 1’. A. H 160 – 165°. hTotc also tllc  I) ITSC’IICC  of all

inner  structure with 1)..*4.  m 145 –- 150°

l“ig. 9---- IYGC 4253. ‘1’llc black contours, plottd on a logarithlnic  scale, re])rcse]lt  the rcs~llt

of dividing the J-band image l>y a slnooth  ]I~odcl ancl slnootlling Jvith a 2-pixel boxcar.

‘1’hc contours represent,  difrerrllccs  l~ctlvce]l  tile galaxy emissio[l  al~d the IIIodel at lcIels

~Yo 5% and 1 2(%  ‘1’he grey scale Inap is tile J-})aIld  co]lti I)uum iInage  011 a Iogaritlllllic7

scale.  10” corres]~ollds to 3.S I;]jc. ‘1’lIcrc  are clear r e s idua l s  froin  tllc  bar ru[lnillg  S1-IN\\’

ill P.A. == 10 SO. ‘1’llc  model-divided i[llagt, also traces tllc  asymllletric  sl)iral  allll oll its

northern  side, together with a ring-like structure to the NF;, SF; alld  }V.

l~ig. 10 . -  iY(; C 43SS. ‘1’lle black  c o n t o u r s ,  plottd  OH a logaritll]llic  scale,  rc])melit  tllc

re su l t  o f  di~ridi]lg tl]c J-l.Ja IId i]]lage t~y a slnoot]k  Illodel and snlootllillg  lvitll a  2 -p ixe l

b o x c a r .  ‘1’}Ic  colItours  rcl)rcscllt  difkrc]]ces  l)etlvecll tllc  galaxy Cl]lissioli  all(l tllc  Inod[l a t

le\’cls  2%, 470, s%, 19(% and 43%. ‘1’l]e gwy scale  IIIa]) is tile  .l-l~a IId contill~lum  illlage  011 a

logarit]lmic  scale. lo” Col’1’cspolids  to 0.s k])c. ‘1’]lc lllodcl-dividd illlage colltollrs rti’eal tile

prescncc of a ]Llllnl>cr of structures: sljiral  arlns  lvitll elnljcddcd  11 11 ueg;  ions }Vllicll Cxtcll(l

along  the overall galaxy  oriclltatio]l (l’./\. R 950), aIld also tivo structures l)rojccti[lg  ollt of’

tile plane to tllc  NT]’; aIId S\Y at l). A. H 45° and l)./\,  H 22S0 rcs])ectivcly,  Ivllicll llli~llt l~e

related to the IIigll  excitation cxtraliuclear  p,as.
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